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ABSTRACT 


An isocarb map of a part of the Arkansas-Oklahoma coal field and the data on 
which it is based are given. The variations in fixed-carbon content in the coal from bed 
to bed and from place to place are pointed out and discussed. The writer concludes 
that: (1) differences in original composition have had little effect on the fixed-carbon 
content of these coals; (2) differences in amount of overburden have produced no in- 
crease in carbonization from a younger to an older coal bed in this area; and (3) the 
major variations in fixed-carbon content of the coals of this area are directly related to 
structural deformation by pressure from the south. 


In 1915, David White’ pointed out that a direct relationship ex- 
ists between the amount of metamorphism that coals have undergone 
and the degree of possibility of occurrence of petroleum in beds asso- 
ciated with those coals. In view of the present active interest in 
petroleum possibilities in southeastern Oklahoma, it seems desirable 
to consider carefully the carbon ratios of the coals in that area. For 
this purpose a map (Fig. 1) is here presented showing the fixed-car- 
bon content of coals in the Arkansas and southeastern Oklahoma 
coal field based on the most reliable available data, many of which 


* Read before the Association at the Wichita meeting, March 23, 1935. Manuscript 
received, April 29, 1935. Published by permission of the director, United States Geo- 
logical Survey. 

2 United States Geological Survey. 


5 David White, “Some Relations in Origin Between Coal and Petroleum,” Wash- 
ington Acad. Sci., Vol. 5, No. 6 (1915), pp. 189-212. 
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are recent and were not available when earlier isocarb maps of the 
region were drawn.* 

United States Geological Survey field parties have been doing de- 
tailed mapping in this area since 1927 and have taken numerous 
samples of coal for analysis in addition to acquiring many data on 
the exact correlation of the coal beds and on the geologic structure of 
the area. These data were invaluable both for compilation and inter- 
pretation of the isocarb map. 

The coal-bearing formations of the Arkansas-Oklahoma coal field 
are all of Pennsylvanian age. These formations are extremely thick 
in the vicinity of the Choctaw fault, which forms the southern bound- 
ary of the coal field and separates it from the Ouachita Mountains; 
they thin progressively northward and westward away from that 
fault. Numerous coal beds are present in the part of the area where 
the formations are thick. Ten of these beds have been mined at least 
locally, and reliable analyses are available from eight. The oldest of 
these coals is the Lower Hartshorne, which is also the bed in which 
most mining has been done. The youngest is the Lower Witteville 
(also known as Secor, Blocker, or Jones Creek), which lies 3,600- 
4,800 feet above the Lower Hartshorne and has been mined locally. 
Analyses are available from these coals and also the intervening Up- 

per Hartshorne, McAlester (Lehigh), Stigler (Upper McAlester), 
Cavanal, Charleston, and Paris coals. The localities from which the 
samples for these analyses were obtained are scattered over an area 
about 200 miles long and 50 miles wide and through a stratigraphic 
range of 4,800 feet. 

Pennsylvanian rocks above the Lower Witteville coal bed are pres- 
ent near Okmulgee, about 50 miles northwest of the Choctaw fault. 
The Henryetta coal of the Senora formation has been mined in that 
part of the area, and numerous analyses of it are available. 

The isocarb map is based on analyses of the coals ranging in age 
from the Lower Hartshorne to the Henryetta, inclusive. Most of the 
values for fixed carbon used in the preparation of the map represent 
an average of several analyses (Table I). The analyses used are with 


‘ David White, of. cit., p. 199 

M. L. Fuller, “Carbon Ratios i in Carboniferous Coals of Oklahoma and Their 
Relationship to Petroleum,” Econ. Geol., Vol. 15, No. 3 (1920), p. 232. 

Carey Croneis, ‘Oil and Gas Possibilities in the Arkansas Oza rks, ” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 11, No. 3 £1927); 

Frank Reeves, “The Carbon- Senay in the Light of Hilt’s Law,” ibid., 
Vol. 12, No. 8 (1928), p. 814. 

H. D. Miser, “Relation of Ouachita Belt of Paleozoic Rocks to Oil and Gas Fields 
of Mid-Continent Region,” ibid., Vol. 18, No. 8 (1934), p. 1076. 

W. T. Thom, Jr., “Present Status of the Carbon-Ratio Theory,” Problems of 
Petroleum Geology ’(Amer. Assoc. Petrol. Geol., 1934), p. 86. 
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TABLE I 
ANALYSES ON WurcH IsocarB Map (Fic. 1) Is BASED 


A verage 


Number Fixed Car- 
Author- Analysis Numbers Coal Bed Mine bon (Mois- 
ity ture and 


Ash Free) 


I I A21783 to A21786 (inclusive) Henryetta B. & A. mine 60.1 
2 I A21768, A24770, A24771, A24772 Henryetta Whitehead No. 2 
3 A21767, A21769 enryetta Whitehead No. 2 59.8 
3 I A21771, A21772, A21773 enryetta Star mine ~~. 
4 I A21779, A21780, A21781 enryetta Atlas No. 2 60. 
5 I A21763, A21764, A21765 enryetta Warden-Pullen No.2 59.2 
6 I A21775, A21776, A21777 enryetta Pittsburgh & Mid- 
way No. 12 60.9 
3 A68381 to A68383 Henryetta Wise-Buchanan 60.9 
I 30713, 30714, 30715, 30710, 30717, 
30718 McAlester Folsom-MorrisNo.8 50.2 
9 I 30708, 30709, 30710, 30711, 30712 McAlester Folsom-Morris No. 5 $2.2 
10 I 30719, 30720, 30721, 30722, 30723, 
30724 McAlester Folsom-MorrisNo.6 53.7 
Ir 2 229 McAlester Keystone No. 1 
3 — McAlester Keystone No. 1 54.2 
12 2 22 McAlester M. K. & T. No. 21 56.3 
13 I A21272, A21273, A21274 McAlester Southern No. 4 58.3 
14 I Aa1131, A21133, A21134 McAlester — mine 59-3 
15 I A21128, A21129, A21130 McAlester ples No. 4 59.8 
16 I W69549, W60s50, W69556 McAlester Osage No. § 61.7 
17 I —_ to 70007 (inclusive) McAlester Rock Island No. 5 58.4 
18 I 21268, A21269, A21270 Upper 
Hartshorne Buck No. 1 61.7 
19 I A21478 to A21481 (inclusive) Lower 
Hartshorne Kali Inla 57-4 
20 I 40656 to fos9 (inclusive) McAlester Rock Island No. 38 59-5 
I 21118, Az1120, Lower 
Hartshorne Buck No. 5 59.2 
22 I W69527, W60535, W60564 McAlester Carbon No. 2 62.9 
23 I A21136, A21137, A21138 McAlester Pittsburg County 
0.5 
24 I A21280 to A21283 (inclusive) McAlester Dow No. 10 60.1 
25 I A21276, A21277, A21278 McAlester 
0. 2 58.9 
26 I 30401, 30402, 30403 Lower 
Blue Creek No. 7 58.9 
27 I 30398, 30309, 30400 pper 
Hailey-Ola No. 2 58.7 
2 I 19703, 19707, 19’ wer 
Hartshorne Rock Island No. 8 57-6 
29 I 19727 to 19732 (inclusive) Lower 
Hartshorne Pocahontas No. 1 57.6 
30 I A2r1r22, A2tr24, A2rr25, A21126 Lower 
Hartshorne Pocahontas No. 2 56.7 
3r I 19855 to 19858 (inclusive) Lower 
. Hartshorne Adamson No. 4 60.4 
32 I A21469 to A21473 (inclusive) Lower 
Hartshorne Rock Island No. 12 57-8 
33 I 19852, 19853, 19854 Lower 
Hartshorne Adamson No. 6 61.3 
34 2 201, 202, 203, 204, 205 er 
Hartshorne Rock Island No. 10 59-0 
35 I 30271 to 30277 (inclusive) Lower 
Hartshorne Rock Island No. 40 59-4 
36 I 16143, 16144, 16145 Lower 
w Woo Woo Woo pre Eclipse No. 1 63.3 
37 I 542, 547, 1530, 552, er 
Hartshorne M. K. & T. No.1 59.6 
38 I 27531 to 2785 5 (inclusive), W69509, Upper Degnan-McConne! 
69510, Gost, W6osr6, 69517 Hartshorne New No. 5 59.1 
39 I A21474, A21475, A21476 Lower 
Hartshorne Hailey-Ola No. 5 59.6 
4° I A23791 Stigler Trojan strip pit 
2 171 Stigler Trojan strip pit 66.3 
41 1 17646, 26323, 30344 Stigler Turner Bros. strip 
pit 71.2 
42 I 26324, 30706 Stigler Floyd Nunnall 
strip pit and 


mine 
44 t W69353, W60354, W60355, W60356 Hartshorne Blue Ridge No. 3 74-9 
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TABLE I (Continued) 
ANALYSES ON WuicH Isocars Map (Fic. 1) Is BaseD 


Average 
Number) 4 uthor- Fixed Car- 
on ity* Analysis Numbers Coal Bed Mine bon (Mois- 
Fig. 1 ture and 
Ash Free) 


I 29839, 20842, Blue Ridge No. 5 75-4 
40 I 29840, 2 0845 Hartshorne Blue Ridge No. 4 74-7 
47 I 69613, 60630, 69634 Lower 
Hartshorne ey No. 2 65.0 
48 I 26801, 26802 Hartshorne eae 
e) 80.2 
49 I A22020, A22021, A22022 Upper 
Wéo46r, W6n468, W6p470, W604 Buck Creek 80.3 
5° I I, 7°, 73 wer 
Witteville Central No. 8 74.0 
51 I A21923, A21924, A21925 Lower 
Hartshorne Hanraty mine 82.7 
52 I A24780, A24779 Cavanal — County Coal 
75-7 
53 3 A87203, A87204, A87205 Cavanal Leto Poteau Coal 
o. 74-4 
54 t W69464, W69465, W6o482 Lower 
Hartshorne Mexican Gulf 59.0 


Potter Smokeless 
0.7 
Potter Smokeless 


Dawes Brothers 
No. 4 


Standard No. 5 


59 4 3505 er 
Hartshorne Seymour mine 73-1 
60 4 29835 to 29838 (inclusive), 
81809 to 81812 | stg Hartshorne Central No. 10 79-4 
61 4 W69615, W69620, W69632, W69633 Hartshorne Central No. 11 80.2 
62 4 to 27617 (inclusive), 
W69329 to W69334 (inclusive) Hartshorne Central No. 6 79.2 
63 3 Agg402 to Agg4os (inclusive) Hartshorne Majestic 81.4 
64 3 Ago9414 to Ago417 (inclusive) Hartshorne Bianca 82.3 
65 3 A3299, A3300, A330r Hartshorne Sun Coal Co. 80.6 
66 3 398 to Agogor Hartshorne Western No. 18 83.4 
67 4 69378, W60379, W60307 Hartshorne Central No. 135 81.3 
68 3 Ag9827, Ag9836, Ago9837, Aoo838 Hartshorne Excelsior C Co. 
Skinner mine 82.6 
69 3 Ago418 to Ago421 (inclusive) Hartshorne Barr Coal Co. 83.0 
71 I to 19678 Lower 
W69409, W69410, W (60411 Hartshorne Williams No. 1 81.5 
72 I A24785 to A24789 (inclusive) Lower Superior Smokeless 
Hartshorne No. 29 82.0 
73 3 Ass907, Ass908, Assoo9, Ass5063 Lower Covington Coal Co. 
Hartshorne No. 7 82.4 
74 3  Ago828, 29, Agg830, Aoo384 Paris Superfuel 79-7 
7 3 Ag9406 99409 (inclusive) Paris Eureka 80.3 
7 4 18750 4y pf (inclusive) Paris Grand No. 1 80.2 
77 3 24, Ag9826, Ago833 Paris ewel 81.3 
78 4 W69641, 60643, 69644 Hartshorne Dodson No. 2 84.1 
79 3 Ag9378 to Ag9381 (inclusive) Hartshorne Melton No. 1 84.5 
80 4 18746 to 18749 (inclusive) Hartshorne Denning No. 2 83.0 
81 3 Aoo375, 4909376, Ago. 99377 Hartshorne Western No. 2 84.0 
82 3 Ago371 to Agg374 (inclusive) Hartshorne Western No. 6 85.5 
83 3 pr oe to Agg370 (inclusive) Hartshorne = Coal Co. 2 
84 3 99835, Agosé 2, Ago383, Aoo385 Hartshorne Merrill Coal Co. 83.0 
85 3 ys to Ago393 (inclusive) Hartshorne Clark-McWilliams 88.0 
86 3 Ao9394 to 90307 | er aay Hartshorne Fernwood No. 2 87.9 
87 3 Ago9825, Ago831, A Ago0834 Hartshorne New Deal Coal Co. 87.7 
88 3 Ag99386 to Agg380 28 Hartshorne Sterling Anthracite 88.4 
89 3 Ago410 to Ago4r3 (inclusive) Hartshorne Bernice No. 3 87.3 


1. “Analyses of Oklahoma Coal,” U.S. Bur. Mines Tech. Paper 411. 

2. “A Chemical Study of Oklahoma Coals,” Oklahoma Geol. Survey Bull. 51. 
» Unpublished analyses of U.S. Bureau of Mines 

4. “Analyses of Arkansas coals,” U.S. Bur. Mines Tech. Paper 416. 


only eight exceptions standard United States Bureau of Mines analy- 
ses, and are analyses with laboratory numbers higher than 16,000 


941 
55 2 23¢ Lower 
Hartshorne 78.7 
56 2 222 Lower : 
Hartshorne 78.4 
57 2 221 Lower 
Hartshorne 78.7 
58 2 220 Lower 
Hartshorne 78.8 
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Analyses numbered less than 16,000 were not used because they were 
run before the present standard method of analysis was adopted by 
the Bureau of Mines. In earlier analyses the amount of volatile mat- 
ter in coal was determined by heating the sample for 7 minutes over 
a gas burner and determining the loss of weight, exclusive of moisture. 
It was found that variations in gas pressure and in composition of 
the gas used in heating produced variations of several per cent in the 
amount of volatile matter driven off from duplicate samples in the 
7-minute period. As fixed carbon is determined by subtracting the 
determined percentages of moisture, ash, and volatile matter from 
100, this also produced a variation of several per cent in fixed carbon. 
In order to eliminate that error, the Bureau adopted the electric fur- 
nace for heating the samples at a constant temperature. All analyses 
with laboratory numbers above 16,000 were run by this latter method, 
and are considered comparable within small limits of error. 

Several analyses with laboratory numbers above 16,000 were not 
used because the samples analyzed were high in ash. Such samples 
generally have abnormally low percentages of fixed carbon, and com- 
parison of high ash samples in the Arkansas-Oklahoma coal field with 
low ash analyses from adjacent points showed the high ash samples 
to be unreliable. 

Seven analyses run by Moose and Searle® for the Oklahoma Geo- 
ogical Survey were used. Where they made analyses of coal from 
mines also analyzed by the Bureau of Mines, the two sets of analyses 
checked very closely. It was assumed, therefore, that their analyses 
could be used for mines not sampled by the Bureau of Mines. 

A single United States Bureau of Mines analysis, numbered less 
than 16,000, was used for No. 59 on the isocarb map (Fig. 1). This 
analysis was 5.7 to 7.1 per cent lower than the adjacent analyses for 
points 58, 60, and 61. This difference is much greater than the prob- 
able error by the old method of analysis, and although the actual 
value for point No. 59 may be somewhat in error, it does show that 
the isocarbs diminish in value eastward from No. 58 and southward 
from No. 60. 

In general there is an increase in fixed carbon in the coals from 
west to east across the Arkansas-Oklahoma coal field. The carbon 
ratios increase from 51.2 per cent near Atoka, Oklahoma, to 88.4 per 
cent near Russellville, Arkansas. 

Numerous factors may have influenced these differences in carbon 
ratios. Variations in temperature since the formation of the coal, in 


5 J. E. Moose and V. C. Searle, ‘“‘A Chemical Study of Oklahoma Coals,” Oklahoma 
Geol. Survey Bull. 51 (1929). 
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the original constituent materials of the coals, and in the total amount 
of pressure applied on the coals could produce differences in fixed-car- 
bon content. The lithology of the overlying and underlying beds could 
modify the effects of temperature and pressure to a considerable de- 
gree, because the main effect of these forces would be to drive off 
moisture and gas, and the porosity of the overlying and underlying 
beds would affect to some degree the amount of gas or water that 
could escape. 

No criteria are known for determining the temperature of sedi- 
mentary rocks throughout the period since their formation, but any 
rise in temperature would probably be due to depth of burial, 
to heat produced by friction in the structural deformation of the 
coals and surrounding beds, or to heat introduced from igneous in- 
trusion. There is no evidence of heat introduction from the last- 
mentioned source in the Arkansas-Oklahoma coal field, and although 
heat produced by a rise in the geotherms with increased depth or by 
friction in the process of structural deformation, or by both these 
factors, may have been important in producing the present carbon 
ratios, its amount and effect can not be determined. Variations in 
the porosity of the rocks overlying and underlying the coals of the 
Arkansas-Oklahoma coal field are local rather than regional, and it 
is probable that any effect of this factor on the percentage of fixed 
carbon in the coal would also be local. 

It is apparent that a pure cannel coal, which is made up of spores, 
waxes, and other materials high in hydrogen and low in carbon, would 
have a lower fixed-carbon content than a pure woody coal, which is 
made up of cellulose, hemi-cellulose, and other materials high in car- 
bon and low in hydrogen. Analyses cited by Ashley® show that when 
woody coal has been subjected to enough metamorphism to raise the 
fixed-carbon content to as much as 75 per cent (moisture and ash-free 
basis), canneloid benches of the same bed contain about the same 
amount of fixed carbon as the woody coal. Therefore, the variation 
in fixed carbon from 75 to 88.4 per cent in the coals of the eastern 
part of the Arkansas-Oklahoma coal field must be due to some fac- 
tor or factors other than variation in the original materials from 
which the coal was formed. The coals containing less than 75 per cent 
of fixed carbon in the Arkansas-Oklahoma coal field are all of bitumi- 
nous rank, and, according to White,’ the introduction into a woody 


( he H. Ashley, “Cannel Coal in the United States,” U. S. Geol. Survey Bull. 659 
1918), p. 17. 

7 David White, “Metamorphism of Organic Sediments and Derived Oils,’ Bull. 
Amer. Assoc, Petrol. Geol., Vol. 19, No. 5 (1935), pp. 589-617. 
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bituminous coal of enough cannel-forming material to produce a de- 
crease of even 5 per cent in the fixed-carbon content of that coal 
would produce enough change in the appearance of the coal to be 
detected by casual observation. The coals of the Arkansas-Oklahoma 

coal field are distinctly banded woody coals in appearance, although 

local thin lenses of cannel have been noted in the Lower Hartshorne 

bed. It is apparent, therefore, that variations in original composition 

of the coals of the Arkansas-Oklahoma coal field could not produce 

significant differences in the carbon ratios of the coals. 

The theory that coal increases in carbonization with increase in 
stratigraphic depth was first advanced by Hilt* in 1873. In 1928, 
Frank Reeves® attempted to evaluate this effect of overburden on 
the fixed carbon in coal. He concluded that the carbonization of a 
coal increases at the rate of 0.69 per cent per 100 feet of depth of 
burial and stated that “there is no reasonable basis for the assump- 
tion that the rate of increase is not maintained until a coal with the 
rank of anthracite is produced.” 

At numerous adjacent places in Oklahoma, analyses are available 
for both the McAlester and Lower Hartshorne coals, which are strati- 
graphically 1,300 feet apart. The upper of these two coals (McAlester) 
is consistently about 1 per cent higher in fixed carbon than the strati- 
graphically lower bed. In extreme eastern Oklahoma a set of analyses 
from a mine in the Lower Witteville coal (locality 50) are available. 
The fixed-carbon percentage in those samples causes no important 
shift in the isocarb lines drawn for the Lower Hartshorne coal, ap- 
proximately 4,800 feet lower stratigraphically. This is also true of 
fixed-carbon percentages for the Cavanal coal (localities 52 and 53), 
which lies about 3,100 feet above the Lower Hartshorne in the same 
locality. 

If the Lower Hartshorne bed is more canneloid than the McAles- 
ter bed, it is possible that the lower fixed-carbon content produced 
by the additional canneloid material might have compensated for an 
actual increase in fixed carbon due to increase in overburden from 
the McAlester coal: to the Lower Hartshorne coal. However, the 
Lower Witteville, Cavanal, and Lower Hartshorne beds at and near 
localities 50, 52, and 53, mentioned earlier, all contain more than 74 
per cent of fixed carbon and differences in original materials could 
not produce any significant change in the fixed-carbon content of the 

8 Carl Hilt, “Die Bezsiehungen zwischen der Zusammensetzung und den techni- 


schen Eigenschaften der Steinkohle,’’ Zeitschr. des Ver. deutscher Ingen., Band 17, 
Heft 2 (1873), pp. 194-202. 


® Frank Reeves, “The Carbon-Ratio Theory in the Light of Hilt’s Law,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 12, No. 8 (1928). 
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different coals. It is evident, therefore, that there was no apparent 
increase in fixed carbon from the Lower Witteville or Cavanal coal 
to the Lower Hartshorne due to differences in amount of overburden 
that is compensated for by differences in original materials. 

There is, therefore, no significant difference in the fixed-carbon 
content of the coals of the Arkansas-Oklahoma coal field that can 
be attributed to increase in the amount of overburden. However, 
Reeves’® cites a sufficient number of instances in which fixed carbon 
increases with stratigraphic depth to show that in general that rela- 
tionship exists. Nevertheless, no evidence is cited to prove that this 
increase is at a constant rate regardless of the amount of overburden. 

In the part of the Oklahoma coal field where data show no per- 
ceptible increase in fixed carbon from one coal bed to another strati- 
graphically much lower, even the youngest coal bed was at one time 
covered with at least several thousand feet of younger rocks. This 
suggests that the rate of increase in fixed carbon due to depth of 
burial is greatest in the first few thousand feet and gradually ap- 
proaches zero at greater depth and leads to the further conclusion 
that all of the coals of the Oklahoma coai field were so deeply buried 
that the rate of increase in carbonization due to depth of burial be- 
came negligible. If no perceptible increase in fixed carbon occurred in 
the 4,800 feet from the Lower Witteville to the Lower Hartshorne 
because of depth of burial, there is no reason to expect any significant 
increase in carbonization in the older rocks beneath Lower Harts- 
horne coal. 

The Ouachita Mountains, an area underlain by thick sediments 
that have been greatly deformed by horizontal pressure, lie south of 
the Arkansas-Oklahoma coal field. The rocks of the coal field have 
been similarly but less extremely deformed, and the deformation in 
the coal field diminishes progressively away from the Ouachitas. This 
indicates that pressure from the south deformed both the rocks of 
the Ouachita Mountains and the rocks of the coal fields north of the 
mountains. 

The total crustal shortening due to pressure from the south is 
somewhat greater in the Oklahoma portion of the Ouachita Moun- 
tains than in the Arkansas portion." Most of the crustal shortening 
in Oklahoma was accomplished by movement along thrust faults and 
in Arkansas by close folding. As was pointed out by White,” the low- 

10 Frank Reeves, op. cit. 

1H. D. Miser, “Structure of the Ouachita Mountains of Oklahoma and Arkansas,”’ 
Oklahoma Geol. Survey Bull. 50 (1929), p. 12. 

12 David White, “Progressive Regional Carbonization of Coals,’’ Trans. Amer. 
Inst. Min. Met. Eng., Vol. 71 (1925), p. 269. 
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est carbon ratios in the coal field lie north of the portion of the 
mountains in which the greatest total movement along thrust faults 
has taken place, and in general the carbon ratios increase as the total 
movement on the thrust faults that lie south of the coal field dimin- 
ishes. This suggests that the movement along the fault planes relieved 
the pressures from the south and protected the coals farther north 
from increased carbonization. As the total movement on the faults 
diminished eastward, more pressure was transmitted northward to 
the coal-bearing formations, and produced increased carbonization of 
the coals. 

In the entire Arkansas portion of the Ouachita Mountains, the 
rocks are closely folded, but formations at the eastern end of the 
mountains show incipient rock metamorphism that is not present 
farther west in Arkansas." This indicates that the pressures from the 
south were greater in the eastern than in the western part of the 
Arkansas Ouachitas and that the pressures transmitted through the 
Ouachitas to the coal field on the north increased in intensity east- 
ward. This is believed to account for the eastward increase in the 
carbonization of the coals in Arkansas. 

The foregoing interpretation accounts for the progressive east- 
ward increase in carbonization of the coals, but does not account for 
the fact that on any line drawn at right angles to the front of the 
Ouachita Mountains the carbon ratios increase away from the moun- 
tains to a maximum located 15-25 miles farther north (Fig. 1). Where 
sufficient data are available to locate this maximum accurately, as in 
the area just south and southwest of Fort Smith, Arkansas, and the 
area east of McAlester, Oklahoma, it is found to coincide closely with 
the location of the most tightly folded anticline along lines drawn at 
right angles to the front of the Ouachita Mountains and extending 
through these two areas. Each anticline in question is broken on the 
crest by a reverse fault, but the faults were formed after sufficient 
pressure had been applied to produce overturned anticlines, and the 
horizontal movement along the faults was slight. Therefore the re- 
lease of pressure by the faults was insignificant and probably occurred 
after the high carbon ratios had been produced by the intense folding 
of the rocks in the anticlines. 

From the isocarb map and the data used in compiling the map, 
the writer draws the followiag conclusions concerning the Arkansas- 
Oklahoma coal field. 

1. The original constituents of the various coals were so similar 
and the degree of carbonization of the coals was so great that differ- 
13H. D. Miser, oral communication. 


CARBON RATIOS, ARKANSAS-OKLAHOMA 947 


ences in original composition have had little effect on variations in 
fixed-carbon content in the coals. 

2. An increase of 4,800 feet in stratigraphic depth from the Lower 
Witteville to the Lower Hartshorne coal produces no apparent in- 
crease in fixed carbon, and no significant increase in carbonization 
need be expected with increased stratigraphic depth beneath the 
Lower Hartshorne coal. 

3. The major variations in the fixed-carbon content of the coals 
are directly related to structural deformation produced by pressure 
exerted from the south. 
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REGIONAL INVESTIGATIONS, OKLAHOMA 
AND KANSAS! 


T. C. HIESTAND? 
Tulsa, Oklahoma 


ABSTRACT 


Stratigraphic and structural interpretations are codrdinated with paleogeology to 
deal with: (a) regional distribution of oil fields producing from pre-Mississippian strata, 
and (b) regional distribution, origin, and significance of the surficial en échelon faults 
in Paleozoic strata, in Oklahoma and Kansas. 

Application of the implied fundamentals to exploratory practice in the two states 


appears feasible. 


INTRODUCTION 


Information on which exploratory drilling may be based in the 
Mid-Continent mainly consists of stratigraphic, micro-lithologic, and 
structural data codrdinated to direct expenditures economically. Pet- 
roliferous districts are determined chiefly by statistics which ana- 
lyze wildcat operations on a profit-and-loss basis. 

This paper deals with stratigraphic and structural features ob- 
served to coincide geographically with the occurrence and distribu- 
tion of production derived from pre-Mississippian strata, and with 
the occurrence of surficial en échelon faults in central Oklahoma. 

The writer acknowledges both published® and private suggestions 
and assistance furnished by geologists familiar with surface and sub- 
surface conditions in the Mid-Continent region. One finds opinions 
divided on many geologic problems and naturally the regional strati- 
graphic interpretations presented herein are subject to revisions when 
future information is available. 


STRATIGRAPHY 


Since the stratigraphy is treated with reference to regional rather 
than local application, as much detail as possible has been omitted. 
The following diagrams, except “Permian” (Fig. 4), were arranged 
1 Manuscript received, March 7, 1935. Read before the Association at the Wichita 
meeting, March 23, 1935. 
2 Exploration department, W. C. McBride, Inc., Tulsa, Oklahoma. 


3 The list of references at the close of the paper includes a fairly representative list 
of authors and publications concerned with phases of the problems discussed herein. 
Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934) likewise contains a 
group of articles on problems of accumulation in Oklahoma, Kansas, and other states. 
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base-of-Pennsylvanian datum. Vertical exaggeration is more than 100X. 
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on stratigraphic datum planes to emphasize the paleogeologic, verti- 
cal relationships of formations. The vertical exaggeration is more 
than 100 times. The plans of the diagrams were arranged to exhibit 
the varied nomenclature, changes in thickness, and the overlapping 
character of formations. 


PRE-MISSISSIPPIAN ROCKS (FIG. 1) 


In Oklahoma all the pre-Mississippian formations seem to thin 
northward, whereas in northeastern Kansas the post-Simpson forma- 
tions thicken northward in contrast to the relative constancy of the 
thickness of formations equivalent to the Arbuckle limestone and 
Simpson group. The pre-Mississippian formations are exposed in 
southern and in northeastern Oklahoma, and consequently correla- 
tions must be extended from well-sample data distances of several 
hundred miles to study stratigraphy in the region productive from 
various horizons in these formations, and to connect this region with 
the northern outcrops of Iowa and Missouri. Wide gaps still remain 
between wells from which satisfactory samples are available, but 
these are narrowed from year to year. 

Well data supply the basis for the following comments. In Okla- 
homa, Cambrian basal sandstone most commonly rests on granite. 
Apparently in Kansas the equivalent sandstone more commonly is 
underlain with pre-Cambrian metamorphic rock, and granitic or other 
igneous rock is in contact with the sandstone at the sites of the ancient 
uplifts. The basal sandstone must have had very wide distribution. 

The Arbuckle (13) limestone as a body or terrane is found in both 
states except over prominent structural crests. The Canadian dolo- 
mite (23) overlaps the older formations progressively northward and 
westward and is recognized in northwestern Kansas even where the 
Arbuckle limestone is less than 1,000 feet thick. 

The Bromide formation in like fashion overlaps the older Simpson 
formations progressively northward and westward (15, 5, 1) and ex- 
tends far into western Kansas. The Simpson formations of central 
Kansas retain microlithologic characteristics more strikingly similar 
to those of the corresponding strata in Oklahoma than the writer has 
found in the stratigraphic equivalents north and east of Kansas. 

The Viola limestone (4) has been removed by post-Cincinnatian 
erosion over wide areas in Oklahoma and Kansas and occurs at vary- 
ing intervals below Mississippian strata as a result of additional ero- 
sion and structural movement in post-Devonian time. These compli- 
cations have led to diverse opinions about its correlation, but its 
microlithologic characteristics are convincingly persistent regionally, 
especially in insoluble residues (23). 
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base-of-Permian datum. Vertical exaggeration is more than 100 X. 


Diograms 
of Permian’ strola 177 
Nansas~Oklahoma 
arranged on Sea-leve/ dotum. 
by TC Hiestand 1934 


Fic. 4.—Diagrams of Permian strata in Oklahoma and Kansas, arranged on sea-level datum. 
Vertical exaggeration is}more than 100X. 4 


Rownee 
fo} 
4 Missours Poodee qo 
Bourtenge 
cherokee sh 
| 
Pe 
tre 
“Prer * 
lg ° 
ON 
A 
a 
AANSAS 
Ss. 
Pm Flow’ s mn?” 8 
plains we 
sh 
salt d 
gn sf at 
er 
sum” 
In. nel! gre 
es” ches 
VA 
(WA 
“eal 
on : 
ind 
we 
fm, 


952 T. C. HIESTAND 


The Fernvale limestone, exposed in southern Oklahoma (4), is 
separated from the coarsely crystalline limestone of lower Trenton 
age by the Viola limestone, and in northeastern Oklahoma (14) it 
rests on lithographic limestone of the Simpson group. In eastern Mis- 
souri its overlap on older rocks may also be observed, where it rests 
on the coarsely crystalline limestone of lower Trenton age. In sub- 
surface correlation, its differentiation from the lower crystalline 
limestone is difficult, especially in Kansas where the distance from 
outcrops is great and where locally the Viola limestone is absent (1, 
3). The Sylvan and Maquoketa shale may be correlated much more 
readily. 

The Hunton limestone (16) is a terrane which is traceable, but 
one meets a number of difficulties in extending correlations of its 
component formations due to the suddenness of their local variations. 
In western Missouri, upper Devonian limestone strata overlap onto 
Canadian dolomite (19), and a similar overlap seems to be present 
in central Kansas, but on a more gradual scale.‘ 

MISSISSIPPIAN 

A tri-series classification of Mississippian formations is useful in 
subsurface investigations, as illustrated in Figure 2.5 The dark shale 
facies, Caney shale (16), of southern Oklahoma outcrops, is litho- 
logically so different from the Boone chert facies of northeastern 
Oklahoma outcrops and of well samples in central Kansas, that the 
correlation of these strata remains unsolved to many. 

The insoluble residue method (23) has been found helpful to cor- 
relate Fern Glen, Kinderhook, and upper Devonian limestones, with 
particular reference to Kansas and Missouri. And the method affords 
a convenient separation of the gray Kinderhook and Sylvan (Maquo- 
keta) shales, where the former overlies the latter. 

The Chester age assigned to the limestone overlying the typical 
Boone chert in western Oklahoma and Kansas may be considered 
tentative,® but is most logical with present information. These strata 
are not readily traceable to outcrops as yet. 


PENNSYLVANIAN 


Numerous facies changes are observable both in outcrops and 
underground in Pennsylvanian sediments, and consequently a great 


‘ This overlap in wells in Missouri has been observed by H. S. McQueen, personal 
communication. 


5 Chester, Valmyre, and Kinderhook are respective series names in descending 
order, advanced by Raymond C. Moore orally, Kansas Geological Field Conference 
1932. 


6 Glenn S. Dillé, personal communication. 
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many unit names have arisen as shown in Figure 3. Standard series 
have not become generally adopted in Oklahoma, and the writer finds 
the series boundaries which are convenient in Kansas (20) appear to 
occur within sandstone terranes in Oklahoma and are thus obscured. 
The Pennsylvanian-“‘Permian” boundary recently adopted in Kansas 
(20) likewise becomes difficult to trace southward in Oklahoma. 


“PERMIAN” 


The northern and southern sections present various facies changes 
(2, 7) in outcropping strata, and the nomenclature in Figure 4 would 
so signify. The United States Geological Survey (19) uses three series 
whereas in Kansas (21) two series are adopted. The diagrams (Fig. 
4) are arranged on sea-level datum, and illustrate the eastward re- 
gional topographic slope. 


POST-““PERMIAN”’ 


The only outcrop of Triassic strata in the two states is mapped 
in the Oklahoma Panhandle (19) and the underground distribution 
of Triassic sediments, though vaguely known, is undoubtedly greatly 
restricted by pre-Comanche erosion. Comanche and Cretaceous out- 
crops (19) are scarcely present within the region in question in Okla- 
homa. However, they cover the Paleozoic rocks in a large part of 


western Kansas. The Comanche laps across older ‘‘Permian”’ strata 
progressively northeastward, and the Cretaceous in turn overlaps 
both Comanche and “Permian,” which relationship is illustrated in 
Figure ro. 

Figure 10 also shows designated Tertiary sediments, of continen- 
tal facies. Tertiary gravels are found on upland terraces, resting on 
older Paleozoic strata progressively eastward in both states. Quater- 
nary sands reveal former drainage channels, particularly in south- 
central Oklahoma and central-western Kansas (16, 21). 

In geologic records, post-“Permian” in Oklahoma and post-Cre- 
taceous in Kansas are not measurable in stratigraphy to any satis- 
factory degree. And physiography is rather speculative in connection 
with petroleum geological requirements. The regional eastward slope 
in both states is a post-Tertiary development, illustrated in Figures 
1o and 11, based on evidence of present elevations of Tertiary sedi- 
ments in the Rocky Mountain region relative to elevations of cor- 
responding sediments in the Mississippi embayment (19, 9). Obscure 
as these records are in Kansas and Oklahoma, undoubtedly the struc- 
tural movements in the more recent geologic times are of real impor- 
tance to petroleum geology in these states. 


T. C. HIESTAND 


STRUCTURE 


Obviously one’s interpretation of subsurface structure is highly 
dependent on stratigraphy, whether the phase be that of present dips 
or former conditions. The investigations of structure are therefore 
most enlightening when concerned with several horizons, including 
the basement complex when possible, within the geographic province. 
And eventually the studies of structure involve chronological and 
mechanical factors of movements. 

Most structures which produce from pre-Mississippian strata are 
observed to become more acutely folded progressively with depth. 
Mechanically, the vehicle of the movement is probably the Basement 
complex. Chronologically, the present definition of the structures is a 
resultant, and the details were added by an evolutionary process 
over a long time span. 

In cases where the intensity of folding diminishes with depth, like 
these associated with the surficial en échelon faults in central Okla- 
homa, the relationship of movement in the Basement complex is 
probably not very close. Chronologically, the time span is relatively 
short for the movement, and post-dates the youngest beds so folded. 

The shapes of the structures, vertically and horizontally, are usually 
criteria to indicate the nature of the mechanics involved. Linear or 
ridge-type anticlines and long, narrow synclines are commonly asso- 
ciated with shear movements in the Basement complex (11). Broad 
domes are observed at the intersection of structural trends of approxi- 
mately equal magnitude. The shapes of the structures or orientation 
of their axes do not have any constant relationship with chronologi- 
cal factors, recognized in these studies. 

Though the large number of normal faults in Paleozoic strata, 
observable at the surface in Oklahoma, extend to the northern state 
boundary, none is known in Kansas. These faults, which are not ar- 
ranged en échelon, strictly speaking (6), are associated with fairly 
complex local surface structures, and comprise hinge, scissor, and 
block types (6, 17). 

The conclusive evidence to prove subsurface faulting as opposed 
to steep dip appears to the writer to comprise sudden and erratic 
interval variations of formations not implicated with unconformities 
contemporaneous with the given structural anomaly. The underground 
fault at Oklahoma City is of this nature (8). The most difficult meas- 
urement to obtain in structural investigations probably is that of 
horizontal movement (10, 11). 

Underground data from wells in Oklahoma and Kansas are sub- 
ject to direct analysis to determine relative ages of folding. But the 
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mountainous uplifts, with their greatly deformed features, where ero- 
sion has removed the strata down to the older Paleozoics over sev- 
eral hundred square miles’ area, present problems of ages of folding 
to be attacked chiefly by the inductive method (6, 10). 

Figure 5 was prepared to present a view of regional structure of 
outcropping Paleozoic strata. The regional topographic slope is es- 
sentially eastward in both states, and so nearly at right angles to the 
formational contacts that the group and series boundaries mapped 
represent regional] strikes. The southward convergence of Pennsyl- 
vanian and lowest “Permian” contacts represents increases south- 
ward in rates of dip, rather than decreases in formational thicknesses. 
And this variation in strikes produces a westward, southwestward, 
and eventually a southward rotational, continental tilting effect, 
which has formed the structural basin of western Oklahoma and 
Kansas wherein are preserved the “Permian” sediments. This tilting 
and subsequent peneplanation occurred chiefly in post-‘‘Permian’’- 
pre-Comanche time (9), as is illustrated later, and is the major factor 
in patterning the present areal geology of Paleozoic formations in the 
two states. 

The several belts of surficial en échelon faults (Fig. 5) were taken 
from the Geologic Map of Oklahoma (18). Several inquiries have 
been made of geologists familiar with surface structure in Kansas, 
whether these fault belts extended beyond the state boundary. This 
absence in Kansas harmonized with the geographic arrangement of 
the rotational tilting and flexing previously mentioned. Other char- 
acteristics of these faults are illustrated later which signify contem- 
poraneity with the tilting movement (6). The principal mechanical 
causes of the faults are rotational stresses, and their localization was 
probably the result of the central Oklahoma uplift (22), illustrated 
in Figure 6. The southward convergence of formational contacts ob- 
served in outcrops is also conspicuous on the pre-Cherokee surface. 
And the southward dip in southwestern Kansas and western Okla- 
homa was initiated in pre-Cherokee time. The belts of en échelon 
faults are shown later to be situated within the arc described by the 
migration of the crest of the central Oklahoma uplift from its pre- 
Cherokee to its post-Permian position. 

The paleogeologic maps (Figs. 6 and 7) are progress maps, deter- 
mined largely from well data (9, 3). Details, necessary for accuracy 
in localized work, have been omitted. Most of the sharply defined 
structures of pre-Cherokee time (Fig. 6) are only faintly reflected in 
the present outcrops, and even structures as prominent as at Okla- 
homa City (8) and at El Dorado were virtually base-leveled before 
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which Kinderhookian sediments were deposited 


Fic. 7-—Pre-Mississippian paleogeologic map of Oklahoma and Kansas, to show distribution of formations over 
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burial. The major uplifts which attained definition in post-Morrow- 
pre-Cherokee time were: the central Oklahoma uplift, with a north- 
westward structural plunge; the central Kansas uplift, with a 
southeastward structural plunge; and the Nemaha ridge, with a 
southwestward structural plunge. The lesser uplifts were aligned by 
the domination of the greater features. 

The major uplift which attained definition in post-Devonian-pre- 
Kinderhookian time was the Chautauqua arch (3), shown in Figure 7, 
which plunged westward and was characterized by a remarkable gra- 
dation of rates of dip in contrast to the erratic nature of dips of the 
pre-Cherokee movements. Post-Devonian peneplanation in Oklahoma 
was relatively very complete, but in Kansas there were escarpments 
formed by Hunton and Viola limestones buried beneath the Missis- 
sippian sediments. One of the more prominent local features was the 
Seminole uplift in central Oklahoma.’ 

Control for paleogeologic maps becomes progressively more frag- 
mentary when assembled as of early Paleozoic datum horizons due 
to the successive removal of strata at each great erosional surface. A 
pre-Fernvale (pre-Richmond) paleogeologic map would show addi- 
tional important upwarped areas. Figure 7 reveals evidence where 
the Fernvale has overlapped the Viola limestone and rests on Simpson 
strata in Oklahoma, east, south, and west of Tulsa. Also in Kansas, 
northwest of Wichita, the Sylvan shale (Maquoketa) overlaps the 
Viola limestone and rests on Simpson beds. 

The foregoing presentation of regional evidence of the evolution- 
ary character of warpings succeeded by overlaps, from Simpson time 
to the present, is not exhaustive but is intended to outline, at least, 
the more important structural changes. A study of present structure 
on the top of the Simpson group reveals the composite picture of 
these several movements superimposed one upon the other in chrono- 
logic sequence (Fig. 8). 

Figure 8 is also a progress map, the limit of error of which is in- 
versely proportionate to the density of controlling data. In Oklahoma 
one observes at first glance the 11,000 feet of west dip from the east- 
ern to the central western parts of the state. In Kansas, the west 
dip is confined to the eastern half of the state and is relatively much 
gentler. The southern part of western Kansas is related structurally 

to the basin of western Oklahoma; and though these contours are 
hachured but not drawn closed on the west, the elevations of Simpson 


7Tra H. Cram, “Structural History of the Seminole Uplift,’’ read before the 
Association at the Oklahoma City meeting, March, 1932. 
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or older strata in the Texas Panhandle and New Mexico indicate that 
they are closed. 

The rotational and flexing effect discussed regarding Figure 5 out- 
crops, in central Oklahoma, is again apparent. The McAlester basin, 
shown in Figure 6, has been restricted to a narrow belt along the 
north front of the Ouachita Mountains. Though the crest of the cen- 
tral Oklahoma uplift extended northwest and southeast in pre-Cher- 
okee time, clockwise crestal migration accompanied post-Permian 
tilting to effect the present northeast-southwest orientation. It is 
within the arc of this migration that one finds the surficial en échelon 
fault belts. 

In Figure 8, the southern extension of the Nemaha ridge in Okla- 
homa is shown plunging southwestward at a very appreciable rate. 
Faults like the Seneca fault of northeastern Oklahoma are shown as 
far west as Oklahoma City and extending to the southern part of 
Kansas. Where traced underground, the Seneca fault is found to be 
of Des Moines series in age and thus contemporaneous with the fault 
at Oklahoma City (8). The writer believes the many sharply defined 
structures in central Oklahoma are as closely related to stresses of 
the Seneca disturbance (11, 12) as to those of the Nemaha move- 
ment. 

The identities of the Nemaha ridge and central Kansas uplift 
have not been obscured to compare with the modification of the pre- 
Cherokee structural features in Oklahoma as hereinabove mentioned. 

The central Oklahoma uplift and the disturbed area of northeast- 
ern Oklahoma probably were activated considerably by long-distance 
compressional stresses in the Basement complex from deep move- 
ments which preceded the Ouachita overthrusts, in pre-Cherokee and 
Des Moines series time (22). The Ouachita overthrusting, which cul- 
minated in post-Permian time (6), was thus a later stage of orogeny, 
contemporaneous with continental tilting. This later movement and 
subsequent erosion have been important factors in shaping the Hun- 
ton uplift as now seen at the surface (10). 

Thus far the structural situations have been reviewed with maps, 
which presented data principally in horizontal planes. The vertical 
arrangements of superimposition of the several structural movements 
in cross-sectional views are presented instead of isopachous maps. 
The writer believes the isopach contours are most useful concerning 
structural paleogeology where the interval variations are measured 
between horizons each of which is determinable within a very few 
feet of the same bed over a region of several thousand square miles. 

Examples in Oklahoma are the base of the Fort Scott limestone and 
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top of the Chattanooga shale, and in Kansas, the top of the Lansing 
group and base of the Fern Glen (St. Joe) limestone. The interpre- 
tation may be made that the top of the Lansing group horizon was 
a former sea-level plane, and the interval to the base of the Fern 
Glen limestone was a former subsea datum elevation. Otherwise, iso- 
pachous maps may “jump beds” and have a blend of structure and 
topography and must be so interpreted. 

The west-east cross section in Oklahoma and southwest-north- 
east section in Kansas, plans of which are shown in Figure 8, were 
oriented as nearly as practicable at right angles to the present strikes 
of the strata. The west-east cross section in Figure 9 virtually paral- 
lels the pre-Mississippian paleogeologic contacts. However, it extends 
at right angles to pre-Cherokee paleogeologic contacts and to the 
outcrop contacts. The surficial nature of the en échelon faults and 
spacing of these fault belts is shown on the cross section between 
wells, 12-11-6, and 31-11-11. The increase of intensity of folding with 
depth is illustrated at wells, 12-11-6, and 24-11-3W. The respective 
eastward and westward convergence of pre-Fort Scott formations to- 
ward the well, 24-11-3W, is quite apparent. And the eastward shift 
of this former regional crest from the well, 24-11-3W, to the present 
crest at 31-11-11 in pre-Cherokee strata is observable (9g). Steeper 
dips of outcropping strata between wells, 12-11-6 and 31-11-11, prob- 
ably signifies uplifting during time of deposition of the “Tonkawa 
sand” terrane. 

The southwest-northeast cross section (Fig. 10) was planned to 
extend at right angles to the crest of the central Kansas uplift. The 
overlap of strata labelled Comanche and Cretaceous, across the pene- 
planed surface of “Permian” strata, wells 22-29S-21W to 26-12S-3W, 
suggests no significant variation over the crest of the central Kansas 
uplift. The overlap of the Des Moines series across the peneplaned 
pre-Pennsylvanian strata does reveal evidences of contemporaneous 
uplift relative to the central Kansas uplift and the Abilene spur of 
the Nemaha ridge. The evidence of an earlier uplift, the Chautauqua 
arch, may be cited by the facts that the Kinderhook shale rests on 
thick Hunton limestone (well 24-8S-4E), whereas the Mississippian 
limestone rests on a thin section of Viola limestone (well 22-25S-17W), 
and the Kinderhook shale (well 20-32S-21W) rests on Viola lime- 
stone, and in wells located not far distant rests on Sylvan shale or 
Hunton limestone. Still older uplifts were present, as suggested by 
the overlap of the Simpson strata across the peneplaned surface of 
the Arbuckle limestone (wells 23-14S-5W to 24-8S-4E) and by the 
overlap of the Cambrian basal sandstone across the surface of the 
pre-Cambrian metamorphic rocks (wells 3-16S-8W to 24-16S-gW). 
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RELATION OF AREAS PRODUCING FROM PRE-MISSISSIPPIAN 
STRATA TO REGIONAL GEOLOGY 


It is observed continuously in investigations that oil and sub- 
surface water are adjusted to present structural traps (9), and since 
there are no entirely acceptable explanations of the origin of petro- 
leum, and consequently no determination of the geologic age of origin 
or exact criteria of source material, the writer prefers to hypothesize 
that subsurface fluids were adjusted to structural traps coexistent 
with any given time in the geologic past. Also, as a corollary, he con- 
cludes that the fluids have made migratory adjustments in various 
directions according as a given trap was destroyed or preserved by 
structural modifications (9). 

A review in ascending order of the regional structural conditions, 
therefore, from Kinderhook to the present time should signify where 
the most advantageous areas were for the retention of oil in pre-Mis- 
sissippian strata as each regional movement was defined. The assem- 
bly map (Fig. 11) presents the distribution of the fields producing 
from pre-Mississipian strata, and conventions to designate the geo- 
logic age and definition of the structural features previously described. 

In early Mississippian time the subsurface fluids would have been 
adjusted to traps under the dominating influence of the Chautauqua 
arch, around the flanks of which were uptilted wedges of limestone, 
dolomite, and sandstone strata buried beneath impervious shale and 
limestone. The Seminole uplift was a smaller feature which was a 
structural closure. 

By the close of Des Moines series (Pennsylvanian) time the cen- 
tral Oklahoma uplift, Nemaha ridge, and central Kansas uplift, as 
well as some parts of the Ouachita and Wichita mountains, were all 
structurally defined, and so situated relative to the early Mississip- 
pian uplifts as to cause fluid adjustments to operate in reversed di- 
rections. Slight rejuvenations during the remainder of Pennsylvanian 
and Permian time emphasized these early Pennsylvanian structures 
and therefore perfected adjustments as much as permeability of the 
strata would permit. There were additional uptilted wedges formed, 
flanking the previously mentioned uplifts, which delimited the fluid 
movements during this stage, however, and served as structural 
traps. 

In Cretaceous time, and probably throughout all or most of Ter- 
tiary time, the eastern parts of Kansas and Oklahoma were structur- 
ally uptilted and would have caused the fluids to become adjusted 
to new conditions. The regional closure in the vicinity of Oklahoma 
City existing in Pennsylvanian time was destroyed and would have 
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permitted oil to migrate regionally northeastward or southeastward 
to the extent of the distribution of the pre-Mississippian reservoir 
strata as of Cretaceous time, which is the present distribution (3). 
The Nemaha ridge in Kansas was uptilted relative to the central 
Kansas uplift sufficiently to cause further adjustments to its advan- 
tage within the limits of the distribution of the pre-Mississippian 
strata as of Cretaceous time. Furthermore, the northward divergence 
of formations on the north flank of the central Kansas uplift, and the 
eastward divergence of formations on the east flank of the Nemaha 
ridge were critical closing dips, taken in conjunction with the forma- 
tional wedges, and served to retain oil south and west, respectively, 
of these critical belts. 

Insufficient evidence of major movement in post-Cretaceous time 
in the two states has been found to suggest any important readjust- 
ment of fluids, except in the western third of Kansas. The regional 
eastward tilting further effected in post-Tertiary time has had some 
influence, though not so apparent as the former movements previ- 
ously described. 

The interpretation just outlined pertains to regional conditions. 
The greater features dominated the local features, and the local struc- 
tural traps must have had similar history of fluid adjustments. The 
oil production shown in Figure 11, that derived from pre-Mississip- 
pian strata, is east of the crest of the central Oklahoma uplift as 
defined in pre-Cherokee time, south and west of the Chautauqua 
arch, on the present crest of the central Oklahoma uplift, and on the 
flanks of the Hunton uplift, in Oklahoma. In Kansas, the production 
is on the crest and the south and east flanks of the central Kansas up- 
lift, and on the Nemaha ridge as far north as the intersection of the 
crest of the latter uplift. The production east of the Nemaha ridge is 
erratically scattered on the Chautauqua arch in spots probably con- 
trolled by local structure plus porosity in the weathered surface of 
the Arbuckle limestone, all of which are situated south of the eastern 

Kansas divide. Thus it seems to the writer that the oil derived from 
the pre-Mississippian strata is actually found in agreement with the 
application of the hypothesis of fluid adjustments altered through 
geologic time to conform to structural history. And in exploring for 
additional fields it should be feasible to employ this hypothesis within 
the limits of geological information from outcrops and wells. 


SURFACE STRUCTURAL INTERPRETATION 


Since the fields producing from pre-Mississippian strata are so 
intimately related to local structure, any surficial evidence of these 
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Fic. 12.—Southwest-northeast, local, sea-level cross section, central part of 
T. 15 N., R.g E., Creek County, Oklahoma, to show typical example of depth pene- 
trated by en échelon faults and surficial nature of associated deformation. Also, 
structure maps of two square miles area are shown, with 1o-foot contours drawn on 
outcrops, top of Hogshooter limestone and top of Spaniard limestone, respectively. 
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structures justifies careful interpretation, including especially any 
contribution from subsurface information. The local structures as- 
sociated with en échelon faults have been studied in connection with 
subsurface conditions, a typical example of which is presented in 
Figure 12. The locality is near the geographic center of the region 
of en échelon fault belts, in the Bristow Quadrangle (17). The plan 
of the cross section is shown near the lower margin of the illustration, 
and extends across the locality where the downthrown side is west 
of the fault. The throw of the fault diminishes downward to zero at 
a depth of approximately 1,050 feet. The faults seem to penetrate 
characteristically not more than 1,200 feet below the present topo- 
graphic surface regardless of whether they cut middle or upper Penn- 
sylvanian or lower “Permian” strata. 

In the three contoured plats the interpretation of structure on 
outcropping beds, on the top of the Hogshooter limestone, and on the 
top of the Spaniard limestone (22), respectively, is presented for con- 
trasts. The faulting at the Hogshooter limestone horizon is of the 
scissor type, although this complexity has not been found mappable 
at the surface. The general character of the associated folding suggests 
that the horizontal was as important as the vertical component of 
the stresses. The closed syncline east of the fault shown on the top 
of the Hogshooter is not found on the Spaniard limestone. However, 
the syncline west of the fault on the Hogshooter appears to be a 
reflection of the syncline on the Spaniard limestone. In the proximity 
of the en échelon faults the deformation is so complexly variable that 
one can rarely anticipate subsurface structural conditions from surface 
mapping. The density in numbers of faults does not seem to express 
acuteness or prominence of subsurface folding, since there are only 
a few over the Cushing ridge in the territory where extreme surface 
detail is mappable. 

These remarks are not intended to discount the value of surface 
mapping, but rather to express an opinion that each anomaly must 
be interpreted in terms of its environment, the position of the out- 
crops in the stratigraphic section, and its relation to subsurface in- 
formation. As a matter of fact, there are few of the major fields dis- 
covered to date wherein surface evidence of structure is absent. Under 
the hypothesis that the subsurface fluids have been adjusted to the 
most recent structural movements, the use of surface maps seems 
highly important. 

CONCLUSIONS 

Application of structural and stratigraphic information to explora- 

tion for petroleum, evidently involves a consideration of dimensions: 
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those of formational distribution, relative uplift at present, and the 
structural history of the area or prospect, with particular reference 
to the reservoir strata to be tested, in comparison with the dimensions 
found in producing fields. 
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ABSTRACT 


The Pennsylvanian and Permian sediments of a region in central Colorado are 
described in regard to their areal extent, lithologic characteristics, stratigraphic rela- 
tions, and geologic age. Several stratigraphic units are mapped. Three of these are 
established as new members of the Maroon formation, namely, the Coffman con- 
glomerate member of Pennsylvanian (?) age, and the Chubb siltstone and Pony Spring 
siltstone members of Permian age. The structure of the rocks in this area is dis- 
cussed, a major contribution being the extension of the Trout Creek fault approxi- 
mately 8 miles along its trace beyond its previously known location. An interpretation 
of the geologic history of the area is given, as determined from petrographic and 
stratigraphic evidence. It is concluded that the Weber (?) formation (Pennsylvanian), 
composed chiefly of shale, was deposited in a dominantly neritic, but at places littoral, 
environment; that the Coffman, consisting of arkosic conglomerate, sandstone, and 
shale, was formed in a delta and flood-plain environment; that the Chubb, composed 
of siltstone with arkosic sandstone in the upper part, originated under fluviatile con- 
ditions on coalescing flood-plains; and that the Pony Spring, consisting of siltstone 
with interstratified sandstone and shale, was also formed in a flood-plain environment. 


INTRODUCTION 


LOCATION, TOPOGRAPHY, AND DRAINAGE OF AREA 


The area described in this paper extends southeastward from 
Buffalo Peaks to a point about 4 miles southeast of Trout Creek Pass, 
and is in Park and Chaffee counties, Colorado, in the southern part 
of the Mosquito Range. On the east side of the Mosquito Range is 
South Park, whose surface near the mountains varies in elevation 
from 9,000 to 10,000 feet. In the northern part of the Mosquito Range 
the peaks rise to more than 14,000 feet above sea-level and more than 
2,000 feet above timber line, but south of Buffalo Peaks the range 
consists of ridges whose crests do not attain timber line, being only a 
few hundred feet above the floor of South Park. 
1 Manuscript received, March 20, 1935. This thesis was submitted in partial 


fulfillment of the requirements for the degree of Doctor of Philosophy, in the depart- 
ment of geology, in the graduate college of the State University of Iowa, May, 1934. 


2 Department of geology, Cornell College. The assistance of A. C. Tester, of the 
University of Iowa, under whose supervision this study was made, is gratefully ac- 
knowledged. J. Harlan Johnson, of the Colorado School of Mines, and Charles H. 
Behre, Jr., of Northwestern University, have given valuable suggestions and field 
assistance. 
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North of Trout Creek Pass, resistant eastward-dipping formations 
are expressed as parallel ridges trending approximately N. 30° W. 
Salt Creek and Spring Creek, draining eastward to the south fork of 
South Platte River, cut across these ridges, and trellis drainage has 
resulted from the development of valleys by minor tributaries in 
less resistant belts of rock. West of the crest of the Mosquito Range 
and approximately parallel with it in the southern part of the area, a 
broad valley has been cut in non-resistant strata by Trout Creek, a 
tributary of Arkansas River. 


GENERAL GEOLOGY OF MOSQUITO RANGE 


The northern part of the Mosquito Range is bounded on the west 
by the Mosquito fault. Pre-Cambrian rocks are exposed on the up- 
thrown east side of this fault along the abrupt west slope of the range, 
as well as in the gulches of the eastern slope. On the east side of the 
fault the pre-Cambrian is overlain by eastward-dipping Paleozoic 
strata. The sequence of beds is repeated by the London fault, a 
branch of the Mosquito fault which does not extend into the Salt 
Creek area. Beds of Mesozoic age are exposed a short distance east 
of the base of the Mosquito Range, the Dakota sandstone forming a 
prominent ridge parallel with it. Buffalo Peaks, an extrusive mass of 
Tertiary andesite, is the southernmost high peak of the range. 

In the area south of Buffalo Peaks, discussed in this paper, Penn- 
sylvanian and Permian beds are exposed over a rather wide area, but 
the pre-Pennsylvanian formations occupy a more restricted belt than 
in the northern part of the range. South of the area studied, the 
Paleozoic beds are partly covered by extrusive rocks of Tertiary or 
more recent age. 


METHODS AND SCOPE OF INVESTIGATION 


This study determines the nature and location of the northward 
continuation of the Trout Creek fault and discusses related structural 
and stratigraphic problems. Since the stratigraphy of the Pennsyl- 
vanian and Permian beds involved had not been investigated suffi- 
ciently at the beginning of this study to permit the solution of these 
problems, a study of these sediments was of primary importance. 
The pre-Pennsylvanian formations were not studied in detail, because 
other workers in the Mosquito Range have described them rather 
thoroughly, and because these older beds are not directly involved 
in the structural problems it was proposed to study. As field work 
progressed during the summers of 1931, 1932, and 1933, the ac- 
cumulation of stratigraphic data made possible an understanding of 
the essential structural conditions. 
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Fic. 1.—Geologic map of Salt Creek area. 
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In the absence of a topographic map or other suitable base, map- 
ping was accomplished by plane-table triangulation with a telescopic 
alidade. A base line a little more than a mile long was measured with 
steel tape and a primary net extended throughout the area. Locations 
were determined by resection and intersection, stadia traverses being 
run in some places. Locations of some section corners were found to 
be as much as 200 feet out of position, although these discrepancies 
have not been incorporated in the accompanying map. Elevations 
were obtained by averaging vertical angles from two or more primary 
triangulation stations, and the primary net was tied into two United 
States Geological Survey bench marks outside the area. Sections were 
measured with tape, by alidade, by pacing, or by combinations of these 
methods. 

Field work was supplemented by laboratory study, chiefly by study 
of thin sections of typical units and by binocular examination of 
hand specimens. Petrographic descriptions given herein are based 
primarily on examination of these thin sections with the petrographic 
microscope. Colors are named in accordance with the system given 
on the charts prepared by Goldman and Merwin.* The percentages 
given for principal primary minerals were determined by the Delesse- 
Rosiwal method,‘ with the aid of a linear eyepiece micrometer. The 
proportions of accessory minerals and secondary minerals were es- 
timated. 

STRATIGRAPHY 
PRE-PENNSYLVANIAN SYSTEMS 


A sequence of resistant limestones and dolomites, with associated 
sandstones and shales, unconformably overlies the pre-Cambrian 
rocks in this region. These sediments, which range in age from 
Cambrian to Mississippian, have been studied in detail by members 
of the United States Geological Survey. The characteristics of these 
rocks, as summarized by Lovering and Johnson,’ are given in Table 
I. These beds were mapped as an undifferentiated unit, although rep- 
resentatives of all the formations listed in the table have been iuenti- 
fied in the field. The pre-Pennsylvanian formations crop out ina belt 
o.5-1 mile wide extending from Buffalo Peaks southeastward along 

3M. I. Goldman and H. E. Merwin, “Color Chart for the Description of Sedi- 


mentary Rocks,” prepared under the auspices of the Division of Geology and Geograph 
of the National Research Council. ” . 


‘Henry B. Milner, Sedimentary Petrography (Thomas Murby and Company, 
London, 1929), p. 111. 


5 T. S. Lovering and J. Harlan Johnson, “Meaning of Unconformities in Stratig- 
raphy of Central Colorado,” Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 4 (April, 
1933), PP- 357-58. 
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the west edge of Brush Park and Chubb Gulch, and along Coffman 
Ridge in the southeast part of the area (Fig. 1). The Leadville 
(Madison) limestone,® youngest of these formations, is overlain un- 
conformably in the Salt Creek area by the Weber (?) formation of 
Pennsylvanian age. 


TABLE I 


PRE-PENNSYLVANIAN FORMATIONS OF CENTRAL COLORADO 
(MopIFIED AFTER LOVERING AND JOHNSON) 


Unconformity 
Limestone and dolomite. Blue-to-lead-gray, some almost 

black. Beds massive-to-thin. Nodules and streaks of black 
ill chert are locally abundant, especially in upper part. Beds 
— — are dolomites in Mosquito Range and Gilman districts, but 

imestone become lessdolomiticsouthwestward and are pure limestones 
around and south of Aspen. Basal bed of sand, quartzite, or 
limestone breccia with sand cement nearly everywhere 
present. 0-450, average about 150 feet 


MISSISSIPPIAN 


Unconformity 
Dyer Dolomitic limestone. Dark gray, in places light gray near 
dolomite| base. Tends to weather to tan or brownish tint. Medium- 
member to-thinly bedded. Commonly shaly or sandy at base, grad- 
ing into Parting below. o—350 teet 


Sandstone, shale, calcareous shale, and impure limeston:s. 
Parting White-to-green, red, or chocolate-colored. Locally a basal 
quartzite} conglomerate. In Leadville, Alma, and Gilman areas almost 
member entirely sandstone or quartzite, but locally has shale at 
base. Toward south and southwest becomes more shaly 
and calcareous. 40-125 feet 


DEVONIAN 


Chaffee formation 


Unconformity 
Fremont Massive, white-to-dark gray dolomite. Contains many corals. 
limestone 0-325 feet 


Unconformity 
Harding Series of sandstones, shales, calcareous shales, and impure 
sandstone limestones, red, brown, green, and gray. Some beds contain 


fish fragments. o—150 feet 
Thin-bedded light gray dolomite, very siliceous in places. 


ORDOVICIAN 


Manitou Contains interbedded shales and sandy shales. White chert 
limestone — as nodules and thin bands in dolomite. 40-425 
eet 


Peerless Shales, thin limestones, calcareous shales, some sandy shales 
shale and thin sandstones or quartzites. Generally an edgewise 
member conglomerate at top giving “‘red cast beds.’’ 40-60 feet 


CAMBRIAN 
Sawatch 
formation 


Quartzite |.Thin-to-massively bedded quartzites, gray-to-white. Locally 
member basal conglomerate. o—400 feet 


Unconformity 
PRE-CAMBRIAN Chiefly schists, gneisses, and granites 


* A. E, Brainerd and J. Harlan Johnson, “Mississippian of Colorado,” ibid., Vol. 
18, No. 4 (April, 1934), pp. 531-42. 
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PENNSYLVANIAN SYSTEM 
WEBER (?) FORMATION 


The Weber (?) formation consists of dark gray-to-black shale with 
interbedded limestone in the basal portion and sandstone in the 
middle and upper portions. It is 1,700-2,000 feet thick. The name 
Weber (?) is here applied on the basis of lithologic and faunal similar- 
ity to beds which have been called Weber (?) in the Leadville region’ 
and other parts of central Colorado. The name Weber was evidently 
derived from the Weber quartzite of the Wasatch Mountains of Utah 
with which a correlation was made (by Emmons) that now seems to 
be of doubtful accuracy.*® This formation is expressed topographically 
in the Salt Creek area as a broad valley between the ridges formed 
by the underlying pre-Pennsylvanian limestones and the overlying 
resistant formation (Fig. 3). A subordinate ridge, a short distance 
from the basal contact, is held up by resistant limestones here named 
the Newett limestone member. The name is derived from the aban- 
doned town of Newett in Sec. 3, T. 14 S., R. 77 W., near which these 
beds are exposed. 


SECTION OF WEBER (?) FORMATION MEASURED EAST OF COFFMAN 
RIDGE IN SECS. 23, 24, AND 26, T. 13 S., R. 77 W. (FIG. 2) 


Description Thickness 
in Feet 
Conformable contact with Coffman conglomerate member 
of Maroon formation above 

. Shale, dark gray-to-black, some layers carbonaceous. Thin layers of light 
brown micaceous sandstone alternate with shale in upper and lower portions, 
some being ———— and mud-cracked. A few thin layers of argillaceous, 
gray-to-black limestone near middle. Several thin algal limestones near top 
in some parts of area, but none observed here 

. Sandstone, light brown-to-gray, micaceous, ripple-marked, thinly laminated. 
Two layers of black, fissile shale separate the sandstone into three parts... . 

. Shale and limestone. Shale, light gray-to-dark gray, calcareous. Limestone in 
thin layers, gray-to-black, dense, weathering light gray-to-yellowish gray, 
breaking with conchoidal-to-splintery fracture. Some layers slightly pyritic. 
Thin layers and nodular masses of algal limestone occur in upper portion along 
Salt Creek, but none was observed in this section 

. Limestone, light gray-to-dark gray, in layers ranging from a fraction of an 
inch to 2 feet thick, dense, with conchoidal fracture. Surfaces of upper layers 
are in a few places mottled by white spots 3-10 mm. in diameter which may 
be elevated or depressed by weathering (Newett limestone member) 

. Limestone and shale. Limestone, dark bluish gray-to-black, dense, in thin 
layers. Shale, dark gray-to-black. Some thin layers of brown sandstone near 
base. Silicified masses of plant tissue at restricted horizon near middle 

Unconformable contact with Leadville limestone below 


7S. F. Emmons, “Geology and Mining Industry of Leadville, Colorado,” U. S. 
Geol. Survey Mon. 12 (1886). 


8S. F. Emmons, J. D. Irving, and G. F. Loughlin, “Geology and Ore Deposits of 
the Leadville Mining District, Colorado,” U. S. Geol. Survey Prof. Paper 148 (1927), 
p. 38. 
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There is only slight lateral variation in the lithologic character of 
this formation, many horizons, such as the mottled limestone of 
division 2 (Newett) and certain algal limestones in division 5, being 
traceable throughout the area. Sections taken in different parts of 
the region are similar except for minor variations. The coarse-grained 
rocks show the greatest lateral variation, the sandstone of division 4 
becoming thinner toward the northwest. The total thickness of the 
formation increases slightly toward the northwest. 

The Weber (?) formation rests on the Leadville limestone through- 
out the area, and, although pre-Pennsylvanian erosion is known to 
have removed varying thicknesses of strata in adjacent parts of 
central Colorado,® sufficient to expose the pre-Cambrian in places, 
the relief of that erosion surface and the amount removed in the Salt 
Creek area were very small. Poor exposures prevent the study of the 
basal contact in this area, but its unconformable nature is unques- 
tioned. The contact with the overlying Coffman conglomerate mem- 
ber of the Maroon formations appears conformable in the sections 
studied. 

The following descriptions of thin sections illustrate representative 
types of sediments from the Weber (?) formation. In these and suc- 
ceeding petrographic descriptions, the proportions of secondary 
minerals and of primary accessory minerals are indicated by the 
symbols VA, A, C, R, VR, respectively, referring to the adjectives 
very abundant, abundant, common, rare, and very rare. Mineral com- 
positions of selected units of Weber (?) and younger strata are sum- 
marized in Table II. 

Division 1, upper portion (Pl. I, Fig. 1).—This rock is limestone, 
with color 49°m (very gray dark blue).'° It is dense, and has nearly 
uniform texture of interlocking grains, except for a few larger masses 
of quartz and calcite in veins as well as irregularly spaced through- 
out. The average dimension of most grains is 0.1—o.2 millimeter and 
their shape is irregular. A few thin veins of lighter-colored calcite 
observed in the hand specimen are seen to consist of coarser calcite 
grains distributed along irregularly trending minute rock fractures. 
The mineral composition is as follows. 


(In Percentage) 

Primary 85 Secondary 
Calcite 717 Calcite 
Quartz 8 Quartz 

Hematite 


85 


§ T. S. Lovering and J. Harlan Johnson, of. cit., pp. 367-69. 
10 M. I. Goldman and H. E. Merwin, op. cit. 
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Prate I.—Photomicrographs of the rocks from Salt Creek area. 


Figures 1~5, lower nicol only. Figure 6, crossed nicols. 

Fic. 1.—Limestone from upper portion of division 1 of Weber (?) formation; X19. 

Fic. 2.—Arkosic conglomerate from division 4 of Coffman conglomerate member of 
Maroon formation; X 19. 

Fic. 3.—Arkosic sandstone from lower portion of division 5 of Chubb siltstone 
member of Maroon formation; X19 

Fic. 4.—Arkosic sandstone from middle portion of division 1 (Bath) “of Pony 
Spring siltstone member of Maroon formation; X 19. 

Fic. 5.—Siltstone from upper portion of division 8 of Pony Spring siltstone member 
of Maroon formation; X 19. 

Fic. 6.—Arkosic sandstone from middle portion of division 9 of Pony Spring silt- 
stone member of Maroon formation; X16. 
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Division 2 (Newett limestone member).—This rock is limestone 
whose dominant color is 49°c (very gray light blue). The section 
shows a patchy irregular mosaic of large masses of calcite inter- 
spersed with masses of quartz of varying size, the average dimension 
of calcite masses being o.5—1 millimeter, and their shape irregular-to- 
rhomboid. No stratification is apparent in thin section, the hand 
specimen showing white spheroidal masses 3-10 millimeters in di- 
ameter surrounded by a darker matrix. Quartz is present in finely 
divided chalcedonic condition as well as in large optically continuous 
masses, some of which have definitely hexagonal outlines; quartz has 
apparently replaced calcite as a result of hydrothermal alteration. 
The mineral composition is as follows. 


(In Percentage) 


Primary 60 Secondary 
Calcite 60 Quartz 
Hematite 


60 


Division 4.—This rock is very fine sandstone with color 21°o 
(medium-gray yellow). It has mosaic texture with compact arrange- 
ment of grains, whose average size is that of very fine sand, and 
whose shapes are angular-to-subangular. Banding which is due to 
thin layers of slightly finer material is apparent. The cement is 


chiefly siliceous, quartz occurring as secondary enlargement of original 
grains. The mineral composition is as follows. 


(In Percentage) 


Primary 
Quartz 74 
Plagioclase 4 
Miscellaneous 2 
Orthoclase C 
Muscovite C 
Biotite Cc 


80 


The shales of this formation were not studied in thin section, but 
examination of a typical sample shows it to be fine-grained, car- 
bonaceous; dark gray-to-black, somewhat iridescent on freshly broken 
bedding planes; fissile, compact; rarely bearing fragmentary plant 
impressions; and stained by yellow-brown ferruginous material along 
bedding and joint surfaces. 

Fossils of plants and marine invertebrates occur in the Weber (?) 
formation. Marine fossils from the lower goo feet of this formation 
have been studied by Johnson, who regards them as late Pottsville 
forms." Divisions 1, 2,and 3 of the present paper correspond to the 

1 J. Harlan Johnson, U.S. Geol. Survey Prof. Paper 185 (1935), Pt. B. 


40 
R 
= 40 
80 Secondary 20 
Quartz VA 
Chlorite Cc 
Hematite R 
Leucoxene R 
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lower goo feet of Johnson’s section, which was measured in Secs. 33 
and 34,T. 13 S., R. 77 W. The silicified masses of plant tissue men- 
tioned in the description of division 1 mark an easily recognized 
horizon throughout most of the area. A few beds of algal limestone 
occur near the top of the Weber (?) formation in parts of this area. 
In the black shales associated with these limestones are numerous 
coprolites and a few ganoid fish scales of the genus Paleoniscus."* The 
occurrence of crustaceans, as yet undescribed, which are found locally 
at a restricted horizon in these upper black shales, has been recorded.” 


PENNSYLVANIAN (?) AND PERMIAN SYSTEMS 
MAROON FORMATION 


Coffman conglomerate member.—The Coffman conglomerate mem- 
ber consists of arkosic conglomerate with interbedded sandstone and 
shale. The name proposed for this succession of strata is derived from 
Coffman Park in the southeast part of the area. The thickness varies, 
being 615 feet in the following type section which was measured in 
an unnamed valley in Sec. 24, T. 13 S., R. 77 W., about 2 miles north 
of Coffman Park. Being more resistant to erosion than the overlying 
and underlying strata it forms a low ridge. This ridge marks the eastern 
edge of Coffman Park and extends for some distance northwest. 

The Coffman increases in thickness to more than 1,000 feet about 
1 mile east of the type section, where its basal portion is concealed 
by overlying talus and wash. As it is followed along the strike toward 
the northwest it becomes thinner, and interlaminated sandstone and 
shale compose more and more of the member until only a few layers 
of conglomerate remain, the total thickness decreasing to only a few 
feet in Sec. 3, T. 13 S., R. 77 W. In Chubb Gulch, 2 miles west of 
the type section, the Coffman is represented by about 160 feet of 
conglomerate, sandstone, and shale, and farther northwest in Chubb 
Gulch pebbles disappear almost entirely, the member, here 20-25 feet 
thick, being recognized by pebbles here and there, the coarseness of 
the sandstone, its compact appearance, and characteristic of breaking 
through grains due to cementation by silica. 

The Coffman conformably overlies the Weber (?) wherever their 
contact was observed. The gradational nature of this contact is 
shown by the occurrence, in divisions 2 and 4 of the Coffman, of 


12 J. Harlan Johnson, “A Coprolite Horizon in the Pennsylvanian of Chaffee and 
Park Counties, Colorado,”’ Jour. Paleon., Vol. 8, No. 4 (December, 1934), pp. 477-79. 


13 J. Harlan Johnson and Don B. Gould, ‘Pennsylvanian Crustaceans from South 
Park, Colorado,” Colorado-W yoming Acad. Sci. Jour., Vol. 1, No. 4 (1933), P- 33+ 
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black shale which is similar to that characteristic of the Weber (?). 
The base of the Coffman is placed where the most significant change 
in lithologic character occurs; this is considered to be where con- 
glomerate first appears in the section. The similarity in mineral com- 
position which the sandstone in division 4 of the Weber (?) bears to 


SECTION OF COFFMAN MEASURED IN SEC. 24, T. 13 S., R. 77 W. 
Description Thickness 
in Feet 
Conformable contact with Chubb siltstone member above 
7. Shale, with thin layers of arkosic sandstone and conglomerate. Shale, dark 
gray-to-brownish gray. Sandstone and conglomerate, gray-to-buff, mica- 
ceous. A thick layer of conglomerate at 45 
6. Conglomerate, arkosic, with interlaminated sandstone. Conglomerate, mas- 
sive, in beds 10-20 feet thick; matrix sandy, light brown; average size of 
pebbles, chiefly en of feldspar and quartz, 12 mm.; definite 
stratification generally produced by interlamination of coarse and fine con- 
stituents; well cemented by silica and chlorite, breaks through pebbles in most 
places. Sandstone is light brown, micaceous, with layers varying laterally in 
thickness from a few inches to several feet..................2...02200. 220 
5. Conglomerate, arkosic, massive, otherwise similar to that in division 6.... 30 
4. Shale and arkosic conglomerate. Shale, black, fissile, carbonaceous. Con- 
glomerate consists chiefly of subangular feldspar fragments 6-12 mm. in 
average dimension, imbedded in black shale matrix. Gradations occur both 
vertically and laterally from this feldspathic conglomerate to black shale 


3. Conglomerate, arkosic, massive, otherwise similar to that in division 6. Some 

we ag as large as 30 mm. in average dimension........................ 08 
2. Shale, dark gray-to-black and carbonaceous. Small lenticular mass of algal 

limestone occurs at one locality, but none observed here.................. 50 


1. Sandstone, with thin layers of conglomerate. Sandstone, light brown, mica- 
ceous, slabby, merging into conglomerate by addition of a few subangular 
pebbles of feldspar and quartz. Some layers are definite conglomerate with 
small amount of sandy matrix. Plant fossils near base.................... Io 

Conformable contact with Weber (?) formation below 


the sandstone in the Coffman gives a slight suggestion of genetic 
relation between these two stratigraphic units. The upper contact 
of the Coffman is poorly exposed throughout most of the area, but 
fairly good outcrops in Sec. 34, T. 13 S., R. 77 W., show a conformable 
succession of beds upward into the overlying Chubb siltstone member. 

Petrographic characteristics of the Coffman are illustrated by 
the following thin-section descriptions (see also Table II). 

Division 4.—This is coarse sandstone with color 35°b (very gray 
green). It has mosaic texture with grains in close contact, their size 
varying from that of silt to very coarse sand, but being dominantly 
coarse sand, with angular-to-subangular shape. Parallel orientation 
of flat grains and a slight concentration of finer material in discon- 
tinuous layers cause poor stratification. The cement is chloritic and 
siliceous, quartz being present as a secondary enlargement of original 
grains. The mineral composition is as follows. 
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(In Percentage) 


Biotite Leucoxene 
Muscovite 
Orthoclase 


20 


Division 4, second sample (Pl. I, Fig. 2).—This rock is arkosic, 
fine conglomerate whose matrix has the color 21°e (very gray light 
yellow). The texture is a mosaic of granules and small pebbles 
separated by patches and layers of sand, particles varying in size 
from medium sand to small pebble, with subangular-to-angular shape. 
Stratification is produced by concentration of finer material in certain 
layers. The cement is siliceous, chiefly secondary growth of quartz. 
Feldspar is altered chiefly with the development of sericite and 
secondary quartz, but some is rather fresh; one pebble is apparently 
a fragment of a previous rock which was composed of feldspar and 
quartz. The mineral composition is as follows. 

- (In Percentage) 
Orthoclase 
Miscellaneous 
Biotite C 
Muscovite C 


85 15 


Plant impressions from division 1 of the Coffman have been 
identified by David White as Calamites and Lepidodendron, and 
tentatively dated as “Pennsylvanian, probably not lower Pennsyl- 
vanian nor yet too near the top of the Pennsylvanian.”* Small 
lenticular masses of algal limestone occur imbedded in the black shale 
of division 2 near the southeast corner of Sec. 10, T. 13 S., R. 77 W. 
In one of these masses the algal growth encrusts stems of a calamite- 
like plant. Although the age of these algae was not determined, the 
apparent resemblance of their living conditions to the environment 
in which the algae of the Weber (?) existed suggests a close genetic 
relation between the Coffman and the Weber (?). However, the sim- 
ilarity of the mineral composition of the Coffman to that of overlying 
Permian strata may possibly suggest that the Coffman is Permian in 
age. It is inferred that the Coffman conglomerate was derived from 
the same source, or sources, which supplied the medium-to-coarse- 


4 Written communication from David White to J. Harlan Johnson, October 28, 
1933- 
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Primary 80 Secondary 20 
Quartz 63 Chlorite A 
Plagioclase 6 Quartz Cc 

80 = 
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grained clastic constituents for more than 7,000 feet of overlying 
strata, although this evidence is considered to have subordinate value. 
The available data, including correlations discussed later in this 
paper, seem to suggest Pennsylvanian age for the Coffman more 
strongly than Permian age, although a basis for definite decision does 
not exist. 

Chubb siltstone member —The Chubb siltstone member consists 
of gray-to-reddish brown siltstone with shale and calcareous beds 
near the base, and sandstones in the upper portion. Its thickness is 
1,827 feet in the type section measured in Sec. 16, T. 13 S., R. 77 
W.., on the east side of Chubb Gulch, from which the name proposed 
is derived. Differential erosion of resistant beds within the member 
has produced a series of cuestas rising to meet the pronounced ridge 
formed by the basal resistant division of the overlying member. 


SECTION OF CHUBB MEASURED IN SEC. 16, T. 13 S., R. 77 W. 


Description Thickness 
in Feet 
Conformable contact with Pony Spring siltstone member above 
. Siltstone, dark red-to-light red-brown, micaceous, ripple-marked. A few thin 
layers of greenish gray sandstone. Plant fossils, abundant at some horizons 420 
. Siltstone, with many layers of sandstone and shale. Siltstone, purplish and 
greenish, micaceous, compactly cemented with chlorite, evenly laminated, 
some beds calcareous. Sandstone, blue-gray, dark greenish gray, or gray- 
brown, in layers ranging from a few inches to 4 feet thick, ripple-marked, 
cross-laminated, contorted as though contemporaneously deformed by 
gliding. Shale, dark gray and gray-brown 
. Mostly covered. Exposed portion is siltstone, red-brown, micaceous, evenly 
laminated, ripple-marked, with thin shale alternations 
. Sandstone, alternating with shale and much calcareous material. Sandstone, 
light yellow-brown-to-cream-colored, calcareous, slightly ripple-marked. 
Shale, gray-to-gray-brown, sandy, calcareous, some strata being slightly 
iferous. A few thin layers of cream-to-white, sandy limestone with ripple- 
marked bedding 
. Siltstone alternating with sandstone. Siltstone, gray-to-brown, becoming more 
reddish toward top. Sandstone, brownish gray, purplish gray, micaceous, 
ripple-marked. Considerable reddish brown fissile-to-blocky shale occurs 
near to; 
. Covered slope. A few exposures show greenish gray shale and siltstone with 
thin layers of white silty limestone. In other parts of area this member con- 
sists rd of dark gray shale and argillaceous limestone. (Thickness es- 
timat 
Conformable contact with Coffman conglomerate member below 


The general lithologic characteristics of the Chubb do not seem to 
change laterally, the sandstones in division 5 being easily traceable 
and uniform in thickness, although minor variations may occur in the 
length of a single outcrop. For instance, on Salt Creek in Sec. 5, T. 
13 S., R. 77 W., a stratum of sandstone was observed to truncate 
more than 2 feet of interlaminated shale and siltstone, causing a 
minor unconformity which was followed for more than 4o feet along 
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the strike. Lateral gradations from shale to siltstone or from siltstone 
to sandstone are common. 

The following thin-section descriptions give the petrographic char- 
acteristics of typical Chubb sediments (see also Table II). 

Division 2, upper portion—This rock is coarse siltstone with 
color 1'a (medium-gray-red). It has mosaic texture with grains 
partly separated by cement and finely divided material of clay size, 
the dominant size of particles being that of coarse silt, and their 
shape angular-to-subangular. Parting along bedding planes in the 
hand specimen is due to the presence of thin laminae of clay and 
fine silt seen in thin section. The cement is calcareous, and is pres- 
ent in sufficient abundance to separate most quartz grains which ap- 
pear to have been partially replaced by calcite. The mineral compo- 
sition is as follows. 


(In Percentage) 
Secondary 
Calcite 
Quartz 
Muscovite Hematite 
Miscellaneous Leucoxene 
Orthoclase C 
Microcline C 
Ilmenite VR 


7° 3° 


Division 3, lower portion.—This rock is coarse siltstone with color 
1g9’e (medium-gray light orange-yellow). It has an unequal mosaic 
texture caused by the separation of the quartz grains by masses of 
optically continuous calcite, several times their size. The size of the 
quartz grains is that of coarse silt, and their shape is subangular-to- 
curvilinear. No lamination or parting along bedding is apparent. The 
cement is calcareous, calcite occurring in rhombic-to-irregular masses 
which form a matrix separating the quartz grains, and apparently 
having replaced some of the quartz. A few areas as large as 1 milli- 
meter in diameter occur, in which the interstices between quartz 
grains are partially filled with ferruginous material. The mineral com- 
position is as follows. 


(In Percentage) 

Primary 60 Secondary 
Quartz 54 Calcite 
Plagioclase 5 Hematite 
Miscellaneous I Leucoxene 

Muscovite R Limonite 
Biotite R 


60 


Division 5, lower portion (Pl. I, Fig. 3)—This rock is arkosic 


P 30 
VA 
Cc 
R 
R 
40 
VA 
R 
R 
R 
= 40 
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medium sandstone with color 41°c (very gray light blue-green). It has 
mosaic texture with grains in close contact, their size being that of 
uniform medium sand, and their shape angular-to-subangular. There 
is no suggestion of lamination or alignment of particles. The cement 
is chloritic and siliceous, chlorite occurring interstitially and quartz 
as a secondary enlargement. Some feldspar is fresh and angular, 
some decomposed and curvilinear. The mineral composition is as 


(In Percentage) 

i 85 Secondary 15 
Quartz 50 Chlorite A 
Plagioclase 19 Quartz Cc 
Microcline 7 Leucoxene R 
Orthoclase 5 Hematite VR 
Muscovite 2 
Biotite 2 

85 15 


Division 5, upper portion—This rock is coarse siltstone with color 
18a (very gray orange-yellow). It has compact mosaic texture, the 
particles having the size of coarse silt, and being angular-to-sub- 
angular in shape. Parting along bedding planes in the hand specimen 


is indicated by a slight tendency toward parallel orientation of mica 
flakes in the thin section. The cement is calcareous and chloritic, 
occurring interstitially, some of the calcite indenting the margins 
of quartz grains, giving an appearance of partial replacement of 
quartz by calcite; some secondary enlargement of quartz may be 
partially responsible for this appearance of replacement. The mineral 
composition is as follows. 


(In Percentage) 


25 


The only fossils noted in the Chubb are impressions of coniferous 
plants from division 6, identified by the writer as Walchia (?), which 
has been interpreted as indicating probable Permian age. In general 
characteristics, the Chubb bears a closer resemblance to the strata 
which overlie it than to the underlying Coffman conglomerate mem- 
ber and Weber (?) formation. The age of the Chubb is tentatively 
considered to be Permian. 


follows. 
Primary 75 Secondary 25 
Quartz 66 Calcite VA 
Muscovite 4 Chlorite A 
Plagioclase 3 
Miscellaneous 2 ematite R 
Orthoclase C Leucoxene R 
Microcline C VR 
Ilmenite VR 
75 
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Pony Spring siltstone member.—The Pony Spring siltstone member 
consists of siltstone with interbedded sandstone and shale, and is 
nearly 6,000 feet in thickness. The name here proposed is taken from 
Pony Spring, which issues at the west side of Pony Park, near the 
northwest corner of Sec. 28, T. 12 S., R. 77 W. Most of the type 
section was measured along Salt Creek in Sec. 5, T. 13 S., R. 77 W., 
and Secs. 32 and 33, T. 12 S., R. 77 W.; the basal portion in Sec. 16, T. 
13 S., R. 77 W.; the upper part, near Pony Spring, along tributaries 
of Spring Creek in Secs. 20 and 29, T. 12 S., R. 77 W. The non-re- 
sistant shale and siltstone divisions are eroded to form valleys sep- 
arated by subdued ridges held up by the sandstone divisions. Of 
these, the lowest stratigraphically, here named the Bath sandstone 
sub-member, forms the prominent ridge which separates the Platte and 
Arkansas drainage for several miles northwest of the summit of Trout 
Creek Pass. At this summit is located the abandoned town of Bath, 
from which the name of this basal division is taken. 


SECTION OF PONY SPRING MEASURED IN SECS. 20, 29, 32, 33, 
T. I2 S., AND SECS. 5, 16, T. 13 S., R. 77 W. 


Description Thickness 
in Feet 

. Exposures mostly covered by timber and talus. These strata lie near axis of 
syncline, and were truncated by erosion before Tertiary lavas of Buffalo 
Peaks were extruded. Dominantly reddish or brownish siltstone, with gray- 
brown sandstone at intervals. (Thickness estimated) 

. Siltstone, 80 per cent, and sandstone, 20 per cent in alternations. Siltstone, 
chiefly light red-gray, with some purplish and greenish laminae, micaceous, 
some layers calcareous, contains many ripple marks. Sandstone in strata 
10-30 feet thick, massive-to-thinly laminated, arkosic, mostly greenish gray, 
sparingly micaceous, strongly cross-laminated. Many sandstones contain 

ttened mud pebbles at certain horizons. A few siltstones show mud cracks. 
Plant remains are abundant in some sandstones 

. Sandstone, 60 per cent, and siltstone, 40 per cent in alternations. Sandstone ar- 
kosic, mostly greenish gray, some buff-to-cream-colored; micaceous, some 
strata calcareous, extremely cross-laminated in places with truncation 
amounting to 1.7 feet. Some laminae contorted and apparently deformed 
contemporaneously by gliding, since superjacent beds truncate them and are 
undisturbed; some beds with ripple marks, a few mud-cracked layers. Silt- 
stone, mostly chocolate-pink but some layers banded purple and gray-green, 
micaceous, slightly calcareous, mostly ripple-marked but some evenly 
laminated. Plant fragments in some sandstones 

. Siltstone, 90 per cent, and sandstone, ro per cent in alternations. Siltstone, 
chiefly gray-green in lower part and chocolate-brown near top, micaceous, 
slightly calcareous, mostly ripple-marked but some evenly laminated. Sand- 
stone, light greenish gray, micaceous, calcareous, ripple-marked, cross- 


laminated or evenly laminated, a few strata containing plant fragments. 
Partly covered 


I 
874 
7. Sandstone, 60 per cent, and siltstone, 40 per cent in alternations. Sandstone 
arkosic, greenish gray, micaceous, slightly calcareous, massive, weathering to 4 
thin laminae; cross-laminated, and contorted apparently by gliding; some 
layers with flattened mud pebbles. Siltstone, chiefly in middle portion, 
pa tame chocolate, or gray, micaceous, slightly calcareous, ripple- os 
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. Alternation of siltstone, sandstone, and shale, in beds from a few hundredths 
of a foot to several feet in thickness; proportions, approximately 70 per cent 
siltstone, 20 per cent sandstone, and 1o per cent shale. Colors ranging from 
blue-gray and greenish gray near base and in middle to purplish and reddish 
near top, but alternations of these occur throughout. Most beds micaceous 
and calcareous, ripple marks well developed at short vertical intervals, evenly 
laminated between. Near the middle is unit 20 feet thick of black haw orn 
aceous fissile shale containing small pelec 

. Sandstone with alternations of siltstone and shale near middle. Sandstone, 

greenish gray, micaceous, calcareous, ripple-marked and cross-laminated. 
Siltstone and shale compose about 30 per cent of this Sei and vary in 
color from greenish gray to blue-gray and reddish brown 

. Siltstone with alternations of shale and sandstone. Siltstone, greenish gray, 
blue-gray, with a little brownish and light red color, micaceous, slightly cal- 
careous, mostly ripple-marked but some evenly laminated. Shale, composing 
about 10 per cent of division, is light-to-dark gray; unit 25 feet thick of 
black carbonaceous fissile shale containing pelecypods and ostracods (?) 
occurs slightly below middle. Sandstone composes about 20 ved cent of 
division, and is greenish gray, micaceous, calcareous, 762 

> Sandstone, arkosic, greenish gray, micaceous, ripple-marked, in layers rang- 
ing from o.5 foot to 3 feet thick. Alternations of blue-gray siltstone and 
shale occur at intervals 153 

. Alternation of shale and siltstone in thin layers, in proportions of about 50 
per cent each. Shale, light gray-to-dark gray with several dark, carbonaceous, 
fissile layers short distance above middle. Siltstone, greenish gray-to-blue- 
gray, slightly calcareous, micaceous, evenly laminated except for a few ripple- 
marked layers. On Salt Creek, where divisions 1 and 2 are separated by minor 
fault contact, only 424 feet are exposed 450 

. Sandstone, arkosic, greenish gray, micaceous, with chloritic cement. Individ- 
ual strata range from a few tenths of a foot to 8 feet thick, and may alternate 
with thin layers of greenish gray-to-reddish gray siltstone. Ripple marks 
common, and many layers cross-laminated. Some show contemporaneous 
deformation apparently due to gliding. Plant fossils abundant at some 
horizons near base. (Bath sandstone submember) 

Underlain conformably by Chubb siltstone member below 


The individual sandstone strata which compose divisions 1, 3, 5, 7, 
and 9g are remarkably uniform in thickness and lithologic character, 
certain intervals between resistant strata remaining nearly uniform 
for more than 3 miles as contacts are followed along the strike. Minor 
variations in size of grain and in color may occur locally, but no gen- 
eral change in characteristics in any direction was observed in either 
the sandstone or the siltstone units. 

The Pony Spring member is conformable with the underlying 
Chubb member. The upper limit of the Pony Spring in the area 
studied is a Tertiary erosion surface produced before extrusion of the 
Buffalo Peaks andesite. The upper contact is now concealed by talus 
and wash derived from this igneous mass. 

Petrographic characteristics of Pony Spring sediments are il- 
lustrated by the following thin-section descriptions of representative 
strata (see also Table II). 

Division 1 (Bath), middle portion (Pl. I, Fig. 4).—This rock is 
arkosic fine sandstone with color 25d (very gray light green-yellow). 
It has mosaic texture with grains compactly arranged, their size being 
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uniformly that of finesand, with angular-to-subangularshape. The hand 
specimen does not show cleavage or lamination, although a slight 
tendency toward parallel orientation of a few flat or elongate grains 
is seen in the thin section. The cement is chloritic, occurring inter- 
stitially with some secondary enlargement of quartz; most feldspar 
is fresh, but some is partly decomposed. The mineral composition 
is as follows. 


(In Percentage) 


80 Secondary 
Chlorite 
Quartz 
Hematite 
Leucoxene 
Calcite 


80 


Division 2, upper portion.—This rock is coarse siltstone with color 
11°c (very gray light orange). It has mosaic texture with the grains 
mostly in contact but with many open spaces several times the size 
of the average grain, particles varying in size from fine to coarse silt, 
being dominantly the latter, and varying in shape from angular to 
subangular. Parting along the bedding in hand specimen is due to 
parallel alignment of mica flakes and other partially flat or elongate 


fragments. The cement is chloritic, occurring interstitially. The 
mineral composition is as follows. 


(In Percentage) 


Secondary 
Chlorite 
Hematite 
Leucoxene 
Miscellaneous Calcite 

Microcline 

Orthoclase 

Biotite 

Hematite 


Division 3, upper portion.—This rock is arkosic fine sandstone 
with color 35°d (very gray light green). It has mosaic texture with 
grains mostly in contact, but with some open spaces the size of several 
grains, particles being fairly uniform in size which averages that of 
fine sand, with angular-to-subangular shape. Lamination is produced 
by the concentration of dark minerals along certain lamination 
planes. The cement is chloritic, occupying interstices whose cross 
sections are chiefly triangular. Most feldspar is rather thoroughly 
decomposed. The mineral composition is as follows. 


Primary 20 
Quartz 47 VA 
Orthoclase 15 Cc 
Plagioclase 10 R 
Biotite 4 R 
Microcline 2 VR 
Muscovite 2 VR 

20 

P 10 

A 
C 
R 
VR 
90 10 
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(In Percentage) 
85 


3 Leucoxene 
Muscovite I 
Miscellaneous I 
Biotite 


Ilmenite 
15 


Division 4, upper portion —This rock is siltstone with color 13‘c 
(very gray light yellow-orange). It has mosaic texture with grains 
slightly separated by cement; grains are uniform in size, being that of 
medium silt, with angular-to-subangular shape. Lamination in hand 
specimen is due to slight color changes and to parallel orientation of 
mica as shown in the thin section. The cement is calcareous, calcite 
being interstitial. The mineral composition is as follows. 


(In Percentage) 
75 


Hematite 
Leucoxene 


75 


Division 5, middle portion —This rock is very fine sandstone with 
color 35°d (very gray light green). It has mosaic texture with most 
grains in contact, their size being chiefly that of very fine sand, but 
some silt is present. Particles have angular-to-subangular shape. The 
hand specimen shows parting along bedding planes and lamination 
due to slight color differences, indicated in the thin section by parallel 
arrangement of mica and hematite flakes. The cement is calcareous, 
calcite being interstitial; some quartz is present as secondary enlarge- 
ment of original grains. Some of the hematite appears to be primary. 
The mineral composition is as follows. 


(In Percentage) 

Primary 80 Secondary 20 
Quartz 58 Calcite VA 
Plagioclase 9 Quartz Cc 
Orthoclase 5 Chlorite R 
Biotite 4 Hematite R 
Muscovite 3 Leucoxene R 
Miscellaneous I 

Microcline A 
Hematite R 
Ilmenite VR 
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Peary 
Quartz 53 Chlorite VA 
Plagioclase 16 Quartz Cc 
Orthoclase II Hematite R 
Peary ........ 
Quartz Calcite VA 
Muscovite 5 Chlorite 
25 
80 20 
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Division 6, lower portion.—This rock is coarse siltstone with color 
35°d (very gray light green). It has mosaic texture, the larger grains 
being almost entirely separated from one another by cement and by 
finely divided material of clay size. The predominating size of 
particles is that of coarse silt, their shape being angular-to-subangular. 
The lamination shown in the hand specimen is due to slight differences 
in color and to partial concentration of finer material in some laminae. 
The cement is calcareous, calcite being interstitial. The mineral com- 
position is as follows. 


(In Percentage) 

Primary 75 Secondary 
Quartz Calcite 
Biotite Quartz 
Plagioclase Chlorite 
Muscovite Leucoxene 
Microcline Hematite 
Miscellaneous 

Orthoclase A 
Ilmenite VR 


75 


Division 7, lower portion.—This rock is arkosic fine-grained sand- 
stone with color 30‘d (very gray light yellow-green). It has mosaic 
texture with grains in fairly close contact. The size of particles is uni- 
form, being that of fine sand, with subangular shape. Parting in the 


hand specimen shows a slight relation to the bedding, which is in- 
dicated in thin section by parallel orientation of the few mica flakes. 
The cement is siliceous and calcareous, quartz being present as 
secondary enlargement of original grains, and calcite as an interstitial 
filling. Most feldspars are fresh, but some are badly decomposed; 
FeS, grains are generally surrounded by hematite. The mineral com- 
position is as follows. 


(In Percentage) 

Primary Secondary 
Quartz Quartz 
Plagioclase Calcite 
Microcline Leucoxene 
Orthoclase Chlorite 
Muscovite Hematite 
Biotite FeS2 
Miscellaneous 

Hematite Cc 

Enstatite VR 


80 20 


Division 8, upper portion (Pl. I, Fig. 5).—This rock is coarse 
siltstone with color 11°b (very gray red-orange). It has thinly banded 
mosaic texture with grains partially separated by cement. The aver- 
age size of particles is that of coarse silt, with subangular-to-curvi- 
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linear shape. Parting along bedding planes in the hand specimen is 
due to parallel alignment of mica and hematite flakes. The cement 
is ferruginous, chiefly hematite, part of which seems to be primary 
because of its occurrence as scales or flakes, some of them being 
nearly 1 millimeter long and crinkled as though compressed by dif- 
ferential compaction. The mineral composition is as follows. 


(In Percentage) 


Primary 80 Secondary 20 
Quartz 62 Hematite VA 
Muscovite 10 Leucoxene Cc 
Hematite 6 artz Cc 
Miscellaneous 2 alcite R 

Orthoclase C Chlorite R 
Plagioclase C 

Microcline R 

Biotite R 

Ilmenite VR 


80 


Division 9, middle portion (Pl. I, Fig. 6).—This rock is arkosic 
medium-grained sandstone with color 19°c (medium gray light yellow). 
It has slightly banded mosaic texture with grains in close contact, 
their size varying from that of fine sand in a few layers to medium 
sand in most of them, their shape being angular-to-subangular. Part- 
ing along bedding planes seen in hand specimen is due to the concen- 
tration of finer particles in laminae. The cement is siliceous and 
chloritic, quartz occurring as secondary enlargement of original grains, 
and chlorite as an interstitial filling. Some of the feldspars are fresh 
and angular, others are decomposed with ragged curvilinear shapes. 
The mineral composition is as follows. 


4 n Percentage) 


Primary 85 Secondary 15 
Quartz 5° Quartz A 
Plagioclase 18 Chlorite A 
Orthoclase 7 Hematite Cc 
Microcline 6 Leucoxene R 
Biotite 2 Sericite VR: 
Miscellaneous 2 

Muscovite C 
Hematite 


85 


Division 10, upper part.—This rock is arkosic fine sandstone with 
color 21°e (medium-gray light yellow). It has mosaic texture with 
most grains in contact, their size being fairly uniform, the average 
being that of fine sand, and their shape being angular-to-subangular. 
Parting along bedding planes seen in the hand specimen is due chiefly 
to the parallel orientation of longer dimensions of certain grains. The 
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cement is calcareous and siliceous, calcite being interstitial and 
quartz being present as secondary enlargement of original grains. 
Most feldspars are fairly fresh, but some are slightly decomposed. 
The mineral composition is as follows. 
(In Percentage) 
Secondary 
Calcite 
Quartz 


Leucoxene 
Hematite 


80 20 


Plant fossils from the Bath sandstone sub-member have been 
identified by David White as Walchia piniformis and Walchia 
gracilis which “are not known from the Pennsylvanian anywhere. 
W alchia gracilis is found in abundance in some localities in the south- 
west Permian.’ Plant fossils from division 10 have also been ex- 
amined by David White and are said by him to resemble Ulmannia 
and Voltzia, and are tentatively placed in the Permian.’* Pelecypods 
occur abundantly in the black shales of divisions 4 and 6. A detached 
block of sandstone showing vertebrate footprints was collected by 
J. Harlan Johnson from division 3. 


MAROON FORMATION UNDIFFERENTIATED 


Strata occur in the northern part of the area east of the Trout 
Creek fault which are considered to be younger than the Pony 
Spring siltstone member. These are mapped as a part of the Maroon 
formation on the basis of lithologic similarity to the Maroon in its 
type locality.!7 They are definitely dissimilar to any of the post- 
Mississippian rocks west of the Trout Creek fault, namely, the 
Weber (?) formation and the Coffman, Chubb, and Pony Spring 
members of the Maroon formation. 

The complete thickness of the undifferentiated Maroon in this 
area was not determined, although a partial section of 644 feet was 
measured, which is estimated to represent less than-one-third of the 
total. North of this area higher strata of the same formation increase 
the thickness to a value estimated as being more than 5,000 feet. 


% Written communication from David White to J. Harlan Johnson, October 5, 
1933- 

16 Written communication from David White to J. Harlan Johnson, November 15, 
1933- 


17S. F. Emmons, Whitman Cross, and G. H. Eldridge, ‘“Anthracite-Crested Butte, 
Colorado,” U.S. Geol. Survey Folio 9 (1894). 


Orthoclase 6 
Biotite | 
Microcline 3 
Muscovite 2 
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The undifferentiated Maroon strata are dark purplish red to 
maroon-colored shales and siltstones with interbedded cream-to-gray 
arkosic sandstones and conglomerates. The siltstones differ from those 
of the Pony Spring and older beds chiefly in their darker and redder 
coloration; the proportion of coarse material is far greater in the un- 
differentiated Maroon, and the sandstones and conglomerates of the 
undifferentiated Maroon are generally thicker and more massive 
units than those in the Pony Spring siltstone member. 

Since neither the upper contact of the Pony Spring nor the base 
of the undifferentiated Maroon strata can be observed in this area, 
and since their areas of outcrop are separated by a major fault, the 
exact relations of these two stratigraphic units can not be determined 
in this area. It is possible that the Pony Spring may be found in ad- 
jacent regions to continue upward into the strata mapped here as un- 
differentiated Maroon. 


STRUCTURE 


MAJOR FEATURES 


The Paleozoic strata in the Salt Creek area have a regional dip 
of 30° N. 30° E. This dip is modified by three major structural features 
trending in a general northerly direction, namely, the Trout Creek 
fault, the Trout Creek-Pony Spring syncline, and the Coffman Ridge 
anticline. These structural features are shown on the structure map 
(Fig. 4), on which contours are drawn on the base of the Weber (?) 
formation. Although this surface is an unconformable contact, its 
irregularity, as checked by measurements of the thickness of division 
1 of the Weber (?), does not exceed 50 feet and is generally much 
less than that amount. When a contour interval of 500 feet is used, 
this irregularity is insufficient to affect the position of contour lines 
noticeably. 

TROUT CREEK FAULT 


The Trout Creek fault has been recognized and mapped in the 
southern part of the area by the United States Geological Survey.'® 
The name applied by the Survey was derived from Trout Creek, 
which is approximately parallel with, and less than a mile west of, 
the fault. In parts of Secs. 27, 34 and 35, T. 13 S., R. 77 W., the 
fault consists of a zone of displacement with movement concentrated 
along two planes striking N. 25° W., which enclose a lens-shaped 
block that moved up with respect to the rocks on the west and down 
with respect to those on the east. In this vicinity the combined vertical 


18 “Geological Map of the United States,’’ U.S. Geol. Survey (1935). 
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separation along the two principal planes and intervening minor 
planes totals approximately 3,000 feet. The attitude of the planes 
of movement in this part of the fault is not definitely known, al- 
though an exposure in a shaft sunk where the western of the two 
principal planes crosses the line between Secs. 34 and 35, T. 13 S., 
R. 77 W., shows crumpled Weber (?) shale on the west and brecciated 
limestone on the east of an irregular contact which dips 75° W. This 
suggests that this part of the fault is normal; this is in harmony with 
observations farther north along its trace. The pre-Pennsylvanian 
limestones on the east or upthrown side of the fault in Sec. 27, T. 
13 S., R. 77 W., resist erosion to form an escarpment overlooking the 
valley of Trout Creek west of the fault. This valley is underlain by 
the less resistant Weber (?) formation and the Coffman and Chubb 
members of the Maroon formation. 

As the fault trace is followed northward, it curves gradually in 
Sec. 22, T. 13 S., R. 77 W., the strike in the NE. } of Sec. 22 being 
N. 45° E. In Sec. 22 a branch fault occurs southeast of the main 
fault, forming a wedge which moved up with respect to the rocks 
northwest of the main fault and down with respect to those southeast 
of the branch fault. The vertical separation at the junction of tiese 
two planes is 2,000—-2,500 feet. Immediately north of their junction 
the vertical separation caused by the main fault is less than that 
caused by the branch fault; as the former is followed northeast, the 
amount of displacement increases, but along the latter the amount of 
displacement decreases to zero about a mile from the junction. In 
Secs. 14, 15, and 22, T. 13 S., R. 77 W., the main fault is a strike 
fault, and, since the rocks on opposite sides have approximately the 
same degree of resistance to erosion, it is topographically inconspicu- 
ous. Some results of the detailed mapping and stratigraphic measure- 
ments which were necessary to determine the location and nature of 
the main fault in this vicinity may be mentioned. Near the center 
of Sec. 22, siltstones of the Chubb member are exposed on edge in 
the bottom of a gully, and at intervals for some distance northeast 
occur exposures of contorted strata and silicified siltstone breccia. 
Movement apparently was distributed along minor planes in a shear 
zone which is at places more than 100 feet wide. At the bottom of a 
small valley in the NW. }, NE. } of Sec. 22 a prospect pit exposes a 
fault contact between Chubb siltstone and Coffman conglomerate. 
Here the Coffman is sharply truncated along a smooth surface which 
dips 80° NW., indicating that the fault is normal. Mapping of in- 
dividual beds within the Chubb member northwest of the fault zone 
shows that progressively higher beds of the Chubb are in fault con- 
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tact with the Coffman, which is here rather thin. The areal distribu- 
tion of the Coffman in this vicinity reveals the location of the fault 
trace due to a combination of two factors which have produced a 
partly disconnected chain of crescent-shaped Coffman outliers (Fig. 
1). One of these factors is fault truncation of the Coffman along the 
northwest margin of its area of outcrop. The other factor is erosion 
of the Coffman by intermittent streams flowing south and east to 
give its area of distribution a scalloped southeast outline. In some 
of the valleys thus produced, the line marking the Weber (?)-Coffman 
contact has shifted upstream nearly to the fault so that the thickness 
of the Coffman exposed along the valley bottom is only a few feet, 
as contrasted with a thickness as great as 200 feet in the adjacent 
hillsides. Along the bottom of the valley which crosses the fault in 
the SE. } of Sec. 15 all of the Coffman has been removed. At this 
point the upper part of division 5 of the Chubb and division 5 of the 
Weber (?) are exposed on opposite sides of the fault, indicating that 
the stratigraphic throw is here about 1,400 feet. 

At the west side of Sec. 14, T. 13 S., R. 77 W., the fault bends 
abruptly and strikes N. 25° W. for about 4 miles. There it bends 
slightly and strikes N. 40° W. for about 2 miles to the northwest 
corner of the area, where it is concealed by a northeasterly extension 
of the Buffalo Peaks extrusive mass. The greatest vertical separation 
caused by the fault in the Salt Creek area, amounting to more than 
5,000 feet, occurs in Sec. 10, T. 13 S., R. 77 W., where a Tertiary 
intrusion of acidic porphyry has risen along its east or upthrown side. 
The intrusion consists of a plug-like mass whose surface exposure is 
about $ mile wide and 3 mile in length, prolonged southeastward 
along the fault for an additional } mile as a dike which decreases in 
width from more than 1oo feet in its northwestern portion to zero 
at its southeastern extremity. A narrow dike less than } mile long 
extends northward from the main mass but, rather than following the 
fault, lies about 7 mile east of the fault trace. Near the southeast 
corner of Sec. 10 the fault trace shifts westward approximately 130 
feet, where it is crossed by Muleshoe Gulch, indicating a dip toward 
the west or downthrown side of the fault, which is therefore normal 
at this point. 

North of the intrusion in Sec. 10, T. 13 S., R. 77 W., the fault 
causes a pronounced topographic contrast between the hills formed 
by the resistant Pony Spring sandstones west of the fault and the 
flats east of the fault covered by alluvium and gravel in the valley 
of Salt Creek and in Pony Park. Due to this cover, the strata on the 
east and much of the fauit trace are concealed. Shales and siltstones 
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of the Chubb occur in a narrow strip along the east side of the fault 
as far north as Salt Creek, and at one locality beyond that point. 
North of Pony Park, the beds east of the fault belong to the succession 
mapped as undifferentiated Maroon, considered to be younger than 
the Pony Spring member. Here the Pony Spring resists erosion to 
form a scarp 200-300 feet high on the west side of the fault. If the 
age of the beds mapped as undifferentiated Maroon is correctly in- 
terpreted, the east side of the Trout Creek fault has moved down in 
the northern part of the area. It is expected that field studies north 
and east of Buffalo Peaks will yield further evidence bearing on the 
age of the undifferentiated Maroon beds as well as on the relation of 
the Trout Creek fault to the Weston fault. The latter is part of the 
Mosquito fault, which forms the western border of the Mosquito 
Range. Behre has suggested that the Trout Creek fault represents the 
southern extension of the Weston fault.'® The gap between known 
extremities of the two faults has been reduced to less than 4 miles 
by the investigations here described, and, since projection of the 
trend of the Trout Creek fault at its most northerly mapped point 
would bring it within one-half mile of the known position of the 
Weston fault, there is little doubt that they are directly connected. 


TROUT CREEK-PONY SPRING SYNCLINE 


Extending in a northerly direction across the area from the valley 
of Trout Creek in Sec. 3, T. 14 S., R. 77 W., past Pony Spring in the 
northern part of the area, to the northeast spur of Buffalo Peaks, is 
an unsymmetrical syncline which lies approximately parallel with 
the Trout Creek fault. The Buffalo Peaks andesite lies on the trun- 
cated surface of the Paleozoic strata affected by this syncline. 

The regional dip prevails on the wide west limb of this syncline; 
dips on the narrow east limb, which varies in width from one-fourth 
mile to one mile, range in amount from 20° to 40° and in direction 
from N. 70° W. to S. 60° W. The pitch of the synclinal axis averages 
20° N. in the central and southern parts of the area and decreases to 
approximately 5° N. 30° W. in the northern part of the area. The 
synclinal structure is expressed by canoe-shaped ridges formed by re- 
sistant strata (Fig. 3). One of these, rimming the Trout Creek valley 
on the west and south, is composed of pre-Pennsylvanian limestones 
and quartzites. An excellent exposure of the pre-Pennsylvanian rocks 
is present in the deep notch made by Trout Creek where it crosses 
them. Another pronounced ridge, formed by the Bath sub-member of 
the Pony Spring siltstone member borders Muleshoe Gulch on the 

19 Charles H. Behre, Jr., oral communication (1931). 
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west and south. The steep slope of this ridge faces the summit of 
Trout Creek Pass. Smaller canoe-shaped ridges and synclinal hills are 
formed by younger resistant strata of the Pony Spring immediately 
west of the Trout Creek fault near Salt Creek and Spring Creek. 


COFFMAN RIDGE ANTICLINE 


Coffman Ridge, formed by resistant pre-Pennsylvanian strata 
immediately east of the Trout Creek fault, has anticlinal structure. 
This anticline extends northward, passing through the summit of 
Trout Creek Pass and into the faulted dome which occurs at the 
locality of the aforementioned intrusion in Sec. 10, T. 13 S., R. 77 W. 
Absence of exposures prevents recognition of the anticline north of 
Sec. 3, T. 13 S., R. 77 W. The regional dip prevails on the east limb of 
the anticline, but the dip of the west limb varies in amount from 15° 
to 25° and in direction from N. 45° W. to S. 80° W. The width of the 
west limb varies from } mile to nearly a mile. The anticlinal axis 
pitches approximately 20° N. in Secs. 23 and 26, T. 13 S., R. 77 W., 
and is practically horizontal in Sec. 14 of this township. From the 
dome in Sec. 10, the anticlinal axis pitches approximately 15° S. 20° 
E. and 20° N. 20° W. 


MINOR FAULTS 


Minor faults in this area are of two general types. First may be 
mentioned those in close proximity to, and parallel with, the Trout 
Creek fault. These, which may be typified by the one in Sec. 27, T. 
13 S., R. 77 W., are normal faults which probably originated contem- 
poraneously with, and in some places as a part of, the Trout Creek 
fault. The other type is represented by the two faults in Sec. 5, T. 13 
S., R. 77 W. Each of these faults has a limited exposure on the north 
valley wall of Salt Creek and in each, the regional dip 30° N. 30° E. 
of the strata immediately east of the fault was increased in amount 
and was slightly overturned by drag folding, indicating that these 
faults are reverse faults. The maximum amount of displacement was 
not determined, although for each the minimum stratigraphic throw 
is estimated to be approximately 200 feet. Concealment of outcrops 
by talus and timber made it impossible to follow the trace of either 
fault more than a hundred yards. 


GEoLocic History 


A brief description of the paleogeographic conditions existing in 
central Colorado during the late Paleozoic is desirable before present- 
ing an interpretation of the Pennsylvanian and Permian history of 
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the Salt Creek area. Many writers, among whom may be mentioned 
Lee*®® and Ver Wiebe,” have recognized the former existence of a 
positive diastrophic element in the approximate position of the pres- 
ent Front Range. Recently, Heaton” has extended the application 
of the name “Front Range” as applied to a tectonic element to in- 
clude a positive area in southeastern Colorado and northeastern New 
Mexico. Melton” has described a positive diastrophic element which 
extended northwest and southeast from the position of the present 
San Luis Valley, naming it the “San Luis Mountains.” A narrow 
trough, trending northwest-southeast between the “Front Range” 
and “San Luis” elements, received sediments from these bordering 
lands during and after periods of uplift. The Salt Creek area is situ- 
ated nearly midway between the ends of this trough and closer to 
the “Front Range” element than to the “San Luis” element. 

In the late Mississippian or early Pennsylvanian the ‘“‘San Luis” 
element was uplifted and 
possibly local mountain building took place. ... Intermittent diastrophism 
accompanied by active erosion continued. ... In the late Pennsylvanian or 


early Permian another and greater uplift took place, the lands were re- 
juvenated, and a new cycle of rapid erosion and deposition commenced.™ 


With reference to the Ancestral Rockies as a whole, including the 
“San Luis” and “Front Range” elements, Heaton” states: 


In early Pennsylvanian time they were low with probably a relatively 
featureless aspect, although some parts of them were at times considerably 
higher than others.... At the beginning of upper Pennsylvanian time, 
crustal movements which began in early Pennsylvanian were accelerated. . . . 
Stream gradients increased and erosion was rapid. 


Lower Pennsylvanian, as used in Heaton’s paper, does not necessa- 
rily include lowest Pennsylvanian; Upper Pennsylvanian time is con- 
sidered as including approximately the time from the end of Kansas 
City to the beginning of Wabaunsee time.” 

20 Willis T. Lee, “Building of the Southern Rocky Mountains,”’ Bull. Geol. Soc. 
America, Vol. 34 (1923), p. 285. 


21 Walter A. Ver Wiebe, ‘“‘Ancestral Rocky Mountains,’’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 14, No. 6 (June, 1930), p. 768. 


2 Ross L. Heaton, “Ancestral Rockies and Mesozoic and Late Paleozoic Stratig- 
raphy of Rocky Mountain Region,” ibid., Vol. 17, No. 2 (February, 1933), p. 133. 


23 Frank A. Melton, “The Ancestral Rocky Mountains of Colorado and New 
Mexico,”’ Jour. Geol., Vol. 33, No. 1 (1925), pp. 84-89. 


% J. Harlan Johnson, “Contribution to the Geology of the Sangre de Cristo Moun- 
tains of Colorado,” Colorado Sci. Soc. Proc., Vol. 12 (1929), p. 14. 


% Ross L. Heaton, of. cil., pp. 135, 141. 
28 Ross L. Heaton, op. cit., pp. 111-41. 
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WEBER (?) DEPOSITION 


Central Colorado was subjected to erosion during the later half 
of the Mississippian period and very early in Pennsylvanian time.’ 
The oldest Pennsylvanian sediments in the Salt Creek region are of 
late Pottsville age.?* At about the middle of the Pottsville epoch a 
sea advanced into the trough between the “San Luis” and “Front 
Range” elements, which were at this time but slightly elevated. Slug- 
gish streams contributed mud intermittently to the sea, in which in- 
vertebrates were living. Calcareous deposits were formed from time 
to time, here and there accumulating to depths of several feet. Much 
organic matter reached the sea from the low-lying and probably 
swampy, vegetation-covered coasts, as is indicated by the carbona- 
ceous character of the shales. Algae appeared near the end of Potts- 
ville time and here and there formed reefs of moderate extent, 
although small isolated colonies generally predominated. 

At about the close of the Pottsville epoch, silt and sand began to 
reach the sea, suggesting an increase in the gradients of contributing 
streams. Mud cracks indicate that the sea was shallow and that the 
shore line was sufficiently near to allow exposure of recently deposi- 
ted sediments at low tide. Many of the sandstones show wave-ripple 
marks. The presence of a greater thickness of this silt and sand in 
the southeastern part of the area than in other parts suggests that 
the source of these sediments lay at the south or east. Since crustal 
movements are known to have occurred during late Mississippian or 
early Pennsylvanian time in both the “‘San Luis” and “Front Range”’ 
elements, and since the mineral composition of these sediments indi- 
cates a granitic source, it is possible that either the “San Luis’ or 
the “Front Range” elements, or both, may have furnished this clas- 
tic material. 

Deposition of carbonaceous and calcareous muds was soon re- 
sumed, and continued until more than 500 feet of these sediments 
had accumulated. Near the end of Weber (?) time, reefs of algae 
again appeared and at places produced beds composed of adjoining 
cauliflower-like masses of calcium carbonate. In the sea at this time 
swam ganoid fish. The sea apparently was clear, and deposition of 
sediment was a rather slow process. It is concluded that the Weber 
(?) sediments accumulated in a dominantly neritic, but at places lit- 
toral, environment. 


27 T. S. Lovering and J. Harlan Johnson, of. cit., p. 372. 
28 J. Harlan Johnson, U.S. Geol. Survey Prof. Paper 185 (1935), Pt. B. 
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COFFMAN DEPOSITION 


Following the deposition of the Weber (?), sand began to accu- 
mulate in the sea, accompanied at places by small amounts of gravel. 
Large fragments of land plants floated down the streams and into 
the sea, became waterlogged, and were buried by sand. The supply 
of coarse clastics was temporarily interrupted, more black mud was 
deposited, and then came the rapid accumulation of gravel sufficient 
to form at one locality a stratum 80 feet thick. This was followed by 
slower deposition of gravel or by slight changes in direction and ve- 
locity of currents, and black mud was deposited as a matrix surround- 
ing the pebbles or as beds between layers of gravel. The mixture of 
mud and gravel formed in this way is as much as 180 feet thick in 
one locality. Following this, gravel deposition again increased, but 
soon sand and silt became mixed with the gravel to form lenses be- 
tween gravel layers and to create a matrix for the gravel. Since the 
amount and coarseness of the gravel increase markedly toward the 
east, the source probably lay in that direction. The arkosic nature 
of the gravel and abundance of large pieces of quartz suggest its deri- 
vation from pre-Cambrian granitic rocks. Some of the feldspar frag- 
ments are fresh and angular, although others are slightly decomposed. 
It is probable that the distance of transportation was not great, or, 
if considerable, that the route lay through a semi-arid region where 
chemical weathering was ineffective. The “Front Range” element is 
regarded as a logical source for these sediments. The Coffman is con- 
sidered to be the homogenetic equivalent of the Fountain formation 
of the present Front Range region. Heaton” states that the lower 
Fountain near Colorado Springs is Lower Pennsylvanian in age (pre - 
Kansas City), and that, since its extreme upper part can be traced 
into the fossiliferous limestones of the Ingleside, which is very late 
Pennsylvanian, it is likely that all of the Fountain is Upper Pennsyl- 
vanian at Boulder, where it is much thinner than at Colorado Springs. 
The Coffman probably represents only a part of the time represented 
by the Fountain at Colorado Springs, but their exact time equiva- 
lency is not determinable. It is possible, because of the extreme 
thickness of the Fountain at Colorado Springs, that its upper por- 
tion in this locality is Permian, and for this reason the possibility of 
Permian age of the Coffman is admitted, although the probability of 
Pennsylvanian age seems to be much greater. The elevation of the 
“Front Range” element and the resulting accumulation of coarse 
clastics are thought to have begun somewhat earlier than Coffman 


29 Ross L. Heaton, op. cit., p. 119. 
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time. This statement is based on the concept that a Fountain pied- 
mont plain advanced basinward as the erosion of its source pro- 
ceeded and eventually reached the site of the Salt Creek area as 
delta fronts advancing into the shrinking Weber (?) sea. Tieje pre- 
sents evidence to substantiate a hypothesis of fluviatile origin of 
the Fountain.*° The application of Barrell’s criteria*' for the interpre- 
tation of conglomerates confirms the inference that the Coffman is 
the seaward portion of a wide sheet of sand and gravel, subaerially 
deposited on broad flood plains sloping southward and westward from 
the “Front Range” element. Both subaerial and submarine types of 
delta deposition appear to be represented in the Salt Creek area, the 
former predominating in the southeastern or sourceward portion, the 
latter in the central and northwestern or seaward part of the area. 


CHUBB DEPOSITION 


The determination of the environment in which the Chubb sedi- 
ments were deposited rests on a consideration of several of their litho- 
logic characteristics, the most important of which are as follows. 

1. The siltstones and many of the sandstones of the Chubb are 
marked by current ripples. A characteristic ripple-marked surface 
shows no definite parallelism of ripples, but rather a set of irregu- 
larly joined and anastomosing, sinuous, rounded crests. The wave 
length of these ripples is generally 1-3 inches, and the ratio of ampli- 
tude to wave length varies from 1:4 to 1:8. Asymmetry may gen- 
erally be detected, although differences of inclination on opposite 
slopes are not pronounced. Almost all cross sections show partial de- 
struction of earlier sets of ripples by later sets. 

2. The sandstones of the upper part of the Chubb are cross-lami- 
nated on a moderate scale. By moderate scale is meant that the sur- 
faces separating units of inclined laminae are commonly less than 2 
feet and more than o.5 foot apart. Foresets are steep, their inclina- 
tions ranging from 15° to 30°, and vary in length from 1 to 4 feet, 
depending on thickness of the foreset units. The surfaces which sepa- 
rate these units are sometimes smooth, but more commonly are ir- 
regular. The direction of inclination of foresets may vary considerably 
in a single outcrop. 

3. Thin layers in some parts of the Chubb exhibit lateral variviion 
within short distances. Changes from siltstone to shale or sandstone 


30 A. J. Tieje, “The Red Beds of the Front Range in Colorado: a Study in Sedi- 
mentation,”’ Jour. Geol., Vol. 31, No. 3 (1923), p. 196. 


3t Joseph Barrell, “Criteria for the Recognition of Ancient Delta Deposits,” Bull. 
. Soc. America, Vol. 23, No. 3 (1912), p. 441. 
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may occur either by gradation or by truncation of subjacent beds at 
a low angle. Such truncation may intersect laminae having an aggre- 
gate thickness of more than a foot, although this effect is generally 
less extreme. However, most strata or units more than 10 feet thick 
are persistent and fairly uniform in thickness. Intervals between cer- 
tain resistant layers are known to remain nearly uniform for more 
than 2 miles. 

These lithologic characteristics may be developed in desert, pied- 
mont, valley-flat, lacustrine, delta, estuarine, littoral, and neritic en- 
vironments. The desert environment seems improbable, since in wind 
ripples® the ratio of amplitude to wave length is generally 1: 20-1: 50 
as contrasted with a ratio of 1:4-1:8 for the Chubb ripples. The 
relatively high degree of sorting and persistence of moderately thick 
units practically eliminates the piedmont environment. 

In the western and northern parts of the Salt Creek area, the 
lower part of the Chubb contains dark shales and limestones which do 
not differ greatly from those in the Weber (?) formation. In the writ- 
er’s opinion, marine or partly marine conditions obtained in the Salt 
Creek area during early Chubb time; a delta, littoral, or neritic en- 
vironment seems more probable than the aforementioned environ- 
ments. 

At one horizon in division 6 of the Chubb, impressions of land 
plants occur. These represent well preserved stems of conifers as much 
as a foot in length, and are matted together in such profusion as to 
suggest accumulation in situ, or not far from their place of growth. 
This strongly suggests a terrestrial environment. In the writer’s opin- 
ion, conditions of deposition in the Salt Creek area were dominantly 
continental during middle and late Chubb time; a valley-flat environ- 
ment seems to be more likely than other possibilities. Suggestive but 
not conclusive features of the Chubb which strengthen this conclusion 
are the gypsiferous nature of some of the shales, the arkosic nature 
of the sandstones, and the rapid alternations of thin layers of shale, 
siltstone, and sandstone which occur in parts of the formation. The 
Chubb ripple marks are almost identical with a variety observed by 
the writer in the wide sand- and silt-aggraded flood-plain of Canadian 
River in Cleveland County, Oklahoma. The Chubb cross-lamination 
also corresponds closely with that produced by sand-bar movement 
on the Canadian valley-flat during floods. 

The colors of the Chubb siltstones, ranging from yellowish brown 
to light red, suggest a semi-arid climate. Flood-plain deposits of 


% E. M. Kindle and W. H. Bucher, “Ripple Mark and Its Interpretation,” in 
Treatise on Sedimentation (1932), p. 667. 
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streams flowing through or into semi-arid regions are known to as- 
sume these colors through oxidation of their contained iron com- 
pounds.* The freshness of most of the feldspar in the arkosic Chubb 
sandstones and the gypsiferous character of some of the shales also 
suggest a semi-arid or arid climate. The mineral composition of the 
sandstones suggests derivation from a granite source, probably the 
“Front Range” element or the “San Luis” element. 

On the basis of the foregoing inferences, the geologic history of 
the Salt Creek area during Chubb time began with deposition of silts 
by aggrading streams flowing westward over a gently sloping surface 
consisting of coalescing flood-plains. Marine or partly marine condi- 
tions existed in the western and northern parts of the area. Gypsif- 
erous and calcareous constituents were added to silts deposited in 
ephemeral flood-plain lakes. Near the middle of Chubb time, sand 
began to be transported by the streams as extensive bars to form 
continuous, cross-laminated sheets which covered large parts of the 
area. Between times of sand deposition, silt deposition was resumed. 
The increase in coarseness of sediment may have been due to recur- 
rent increases in volume of streams or to periodic slight elevations of 
the source. This alternation of sand and silt deposition continued un- 
til nearly the end of Chubb time, when sand ceased to be supplied 
to the area, and silt deposition predominated. 


PONY SPRING DEPOSITION 


In lithologic structures and petrographic characteristics the Pony 
Spring closely resembles the Chubb. The chief features which are simi- 
lar in the two members are the type of ripple marks, type of cross- 
lamination, lateral variation of thin units, persistence of thick units, 
arkosic nature of sandstones, and the occurrence of rapid alternations 
of thin layers of shale, siltstone, and sandstone in parts of the mem- 
ber. Mud cracks, which were not observed in the Chubb, are com- 
mon in the upper part of the Pony Spring. Small flattened mud 
pebbles occur along the bedding in many parts of the Pony Spring. 

In the writer’s opinion, the deposition of the Pony Spring sedi- 
ments occurred in a continental environment; valley-flat conditions 
seem to have prevailed, possibly with lacustrine deposition of fine- 
grained sediments at times. Fragments of land plants are present 
from bottom to top of the Pony Spring, and in some layers are abun- 
dant. Casts of calamite-like stems more than 6 inches in diameter 
occur in the Bath sub-member. Marine fossils are absent with the 
possible exception of small pelecypods occurring at two horizons in 


3 W. H. Twenhofel, of. cit., pp. 777-78. 
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evenly-laminated carbonaceous shale in the lower part of the Pony 
Spring. These pelecypods may well have lived in fresh-water flood- 
plain lakes. The occurrence of vertebrate footprints near the base of 
the member is strong evidence of a terrestrial environment. The ar- 
kosic nature of the Pony Spring sandstones suggests a semi-arid cli- 
mate. The abundance of plant fragments in the gray-green Pony Spring 
sandstones and their scarcity in the red siltstones suggest that colors 
of these sediments may be directly related to the degree of reduction 
of iron compounds by organic matter. At times of flood, when sands 
were transported, the accumulated organic débris was apparently 
sluiced from flood-plains and incorporated into the resulting strata 
of sand. The mineral composition of the Pony Spring sandstones in- 
dicates a granitic source, probably the “Front Range”’ or “San Luis” 
elements. 

On the basis of the foregoing inferences, Pony Spring time began 
by the accumulation of a succession of sheets of sand formed by ad- 
vancing and overriding sand bars on a series of adjoining flood-plains. 
These sands continued to arrive until a thickness of more than 800 
feet had buried the underlying Chubb sediments. The increased trans- 
porting power of contributing streams, suggested by this amount of 
sand, may be accounted for with greater assurance by assuming an 
elevation of the source than by postulating a nearly uninterrupted 
series of floods such as would be required to transport this quantity 
of material. Subsidence of the area of deposition may also account 
for this thickness of sand. Some sinking of the basin is nearly certain, 
because by the end of Pony Spring time more than 10,000 feet of 
sediment had been deposited since the Mississippian period. Evidence 
of the nature of this subsidence is lacking in this area, but less than 
50 miles northwest, in the Tenmile district, marine limestones in the 
Maroon formation indicate intermittent subsidence of the basin. The 
basin was somewhat wider northwest of the Salt Creek area and may 
have been considerably deeper in that direction. 

Following the deposition of the Bath sands, the contributing 
streams transported finer material for a time. Carbonaceous muds 
were deposited, suggesting flood-plain lakes surrounded by swamps. 
A little later, carbonaceous muds containing pelecypod shells accu- 
mulated, probably in temporary lakes. Sands and silts were deposited. 
during the remainder of Pony Spring time, with minor amounts of 
mud. The rapid alternations of thin layers of these types of sediment 
in parts of the Pony Spring represent sudden variations in the trans- 
porting power of streams descending from the bordering highlands. 
Here and there sand deposition greatly increased relative to silt de- 
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position, although silt laminae continued to form, separating layers 
of sand. Some of these units in which sand predominates have been 
designated as divisions of the Pony Spring. Increase of stream vol- 
ume due to increase of rainfall can hardly account for the thickness 
of sand in some of these units unless climatic changes over a period 
of years be postulated. Two possible explanations exist, one being 
elevation of the drainage areas of contributing streams, the other be- 
ing sinking of the basin of deposition. Lovering and Johnson, on the 
basis of studies throughout central Colorado, suggest that uplift of 
the ‘Front Range” element occurred concomitantly with sinking of 
the basin on the west. 


POST-PONY SPRING HISTORY 


The lithologic characteristics of the strata mapped as undifferen- 
tiated Maroon in the Salt Creek area suggest deposition in a conti- 
nental environment similar to that in which the Pony Spring sedi- 
ments accumulated. 


4 T. S. Lovering and J. Harlan Johnson, op. cit., p. 373. 
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ABSTRACT 


By comparing the Upper Permian stratigraphy of West Texas and Oklahoma it is 
found that the Whitehorse of Oklahoma is equivalent to the lower evaporites of the 
southern basin and that the Permian of the Oklahoma Quartermaster is equivalent to 
the Yates sand. Formations above the Yates in the southern basin are younger than 
any of the Oklahoma or Kansas Permian. 


INTRODUCTION 


Cross sections and descriptions have been published which show 
the Upper Permian stratigraphy of the Panhandle and of the south- 
ern portion of the Permian basin in West Texas.* To date, however, 
no precise correlations between the two ends of the basin have been 
published. The purpose of this paper is to describe and interpret the 
stratigraphy of this intermediate area. 

Correlation in the mid-basin segment has been delayed by a com- 
bination of adverse circumstances. Throughout most of their extent 
the Upper Permian sediments are composed of red-beds and evapo- 
rites. Fossils are of little assistance. The only abundant or diagnostic 
forms are limited to the southern area where the evaporites are re- 
placed chiefly by limestones. Surface mapping is, also, of slight help. 
The marginal portions of the formations are composed chiefly of red 
sands and shales. None of these beds is hard enough to form benches 
over wide areas. In addition, they are so extensively overlapped by 


1 Read before the Association at the Wichita meeting, March 21, 1935. Manu- 
script received, March 7, 1935. 
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younger deposits that some of the higher Permian formations are not 
known to crop out. Under such circumstances the only dependable 
correlations are those based on lithologic information secured from 
the numerous wells drilled for oil. : 

The accompanying cross section (Fig. 2), extending from the south 
flank of the Amarillo Mountains to the Sheffield Channel, shows the 
stratigraphic relations of the Panhandle and southwest Texas sections 
as determined by subsurface and surface studies. The map (Fig.1) 
shows the trace of the cross section, the main structural divisions of 
the Permian basin and the approximate northern limits of the upper- 
most Permian formations. The cross section was purposely drawn to 
include wells from several of the major published sections of the 
southern basin. It was planned in this way to present the similarities 
and differences between this and previous correlations. 


ACKNOWLEDGMENTS 


The data used in the preparation of this report have been secured 
from the files of The California Company. The interpretations pre- 
sented are the results of the work of many of the subsurface geolo- 
gists who have studied the area. The writer, however, takes all re- 
sponsibility for the correctness of the statements made and for the 
conclusions reached. 

STRATIGRAPHY 


Subsurface stratigraphic determinations in West Texas depend 
on a microscopic examination of cuttings and cores from wells and 
on plotting the lithologic determinations on graphic strips with which 
the correlations are made. This work has been carried on intensively 
enough for the establishment of a definite series of widespread strati- 
graphic units. The main divisions of this section are marked by easily 
recognizable horizons which succeed each other in regular sequence. 
The gradations which affect the sediments are logical and progressive 
and when once understood aid materially in interpreting the strati- 
graphy. 

The Upper Permian of Oklahoma is divided into the Whitehorse 
formation, the Day Creek dolomite, and the Quartermaster forma- 
tion. The Whitehorse is underlain by the Dog Creek shale, and the 
Quartermaster is overlain by the Triassic. These beds have been 
traced into the Texas Panhandle by means of surface exposures and 
by the use of well logs. In the latter area the name Alibates dolomite 
has been substituted for Day Creek. The Blaine formation of Texas, 


* Noel Evans, “Stratigraphy of Permian Beds of Northwestern Oklahoma,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 15, No. 4 (April, 1931), pp. 405-39. 
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which underlies the Whitehorse throughout most of its extent, in- 
cludes the Chickasha, Blaine, and Dog Creek formations of Okla- 
homa.> 

In the Midland basin the Upper Permian sediments have been 
divided into six formational units. These major divisions are the fol- 
lowing. 

. Pierce Canyon Red-beds 

. Rustler 

. Upper Castile or main salt 

. Upper Capitan 

. Yates sand 

. Whitehorse or lower evaporites 
On tracing these formations northward it was found, as shown on the 
accompanying section, that the Yates sand is the southward continu- 
ation of the Quartermaster formation of the Texas Panhandle, and 
that the lower evaporites are equivalent to the Panhandle White- 
horse. The higher formations are limited to the southern basin and 
have no equivalents in the Oklahoma section. The approximate north- 
ern limits of these upper members are shown on the accompanying 
map. In the Glass Mountain section the Yates sand seems to be near 
the top of the Gilliam. The Whitehorse is tentatively correlated with 
the lower Gilliam, the Vidrio, and a portion of the Word. The Tessey 
is probably equivalent to the Castile and the Rustler. Correlations in 
this direction are not well established, because of the rapid change 
in lithologic character and the absence of outcrops or wells. 

In the cross section, wells near the deepest part of the basin were 
selected, because they alone show the entire sequence as at present 
preserved. Practically complete sets of cuttings were available on all 
the wells used. Intermediate wells, not shown on this section, sub- 
stantiate the correlations presented. The following descriptions ap- 
ply to the Permian formations as here defined. Where the term Mid- 
land basin is used in this report, it applies to that portion of West 
Texas previously known as the “Main Permian basin.”’ Approxi- 
mately, it includes the eastern portion of the Central Basin platform 
and that part of the eastern flank of the Permian basin west of the 
town of Sweetwater, Texas. 

Whitehorse formation.—The Whitehorse consists of a heterogene- 
ous series of sand, shale, salt, anhydrite, dolomite, and limestone. On 
the Bush dome in central Potter County it has a thickness of 450 
feet. The formation can here be divided into two fairly distinct mem- 
bers, the upper composed chiefly of red shales and silts, and the lower 


5 E. H. Sellards, W. S. Adkins, and F. B. Plummer, “Geology of Texas,’’ Vol. 1, 
“Stratigraphy,”’ Univ. Texas Bur. Econ. Geol. Bull. 3232 (Austin, Texas, 1933). 
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of red sandstone. The top of the lower member is marked by a zone 
of coarse, white, frosted quartz grains, which mark this zone through- 
out the known extent of the Whitehorse formation in Texas. 

The Whitehorse thickens southward from the flanks of the Ama- 
rillo Mountains. The greatest thickness in the Midland basin is in 
west-central Upton County where 1,950 feet of normal Whitehorse 
were penetrated. From here the formation thins toward the south 
margin of the Permian basin, and in central Crockett County the 
entire thickness is less than 700 feet. The thickness depends on the 
relation to local structure and the nearness to the center of the basin. 

No salt is present in the Whitehorse on the Bush dome, but salt 
is found in the formation a few miles south. The salt beds are present 
in two places in the section. One of these zones is in the basal sand 
section near the top of the Blaine. The other is near the contact of 
the sand and shale members. This division of the Whitehorse salt 
beds into two zones is recognized wherever the salts are present. 
Whitehorse salts normally consist of halite, but polyhalite has been 
found in a few wells. The salt beds are thin or completely absent over 
the structurally high areas and around the margins of the basin. 

South of Parmer County the shales in the upper member of the 
Whitehorse are gradually replaced by sandstone, but the contact of 
the two members is still marked by the salt zone and the zone of 
frosted quartz grains. Near the point at which the shales begin to 
disappear from the upper member, thin dolomite stringers are pres- 
ent in the lowermost portion of the Whitehorse. These stringers in- 
crease in number and importance southward. In the Big Lake pool 
the lower 150 feet of the Whitehorse is composed of dolomite and 
limestone with minor amounts of sand. A few thin dolomites are in- 
terbedded with the clastics and evaporites of the upper member of 
the Whitehorse as far east as Glasscock County and as far north as 
Andrews. These stringers, also, increase in number and importance 
southward and westward. The increase in dolomite is always associ- 
ated with a decrease in the amount of salt. The gradation from evapo- 
rites into dolomite is gradual and very regular. In Ward County the 
Whitehorse formation can be traced, bed by bed, from typical evapo- 
rites and sandstones into the fusulinid-bearing limestones and sand- 
stones of the Capitan group, through numerous series of wells, none 
of which is more than a few hundred feet distant from another. This 
gradation, which is recognized by all the careful workers in the area, 
calls for the final, definite discard of all supposititious classifications 
of the Whitehorse as Triassic.® 


6 Robert Roth, “Evidences Indicating the Limits of Triassic in Kansas, Oklahoma, 
and Texas,” Jour. Geol., Vol. 40 (1932), pp. 688-725. 
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The sands of the Whitehorse and of the Upper Permian forma- 
tions in general are characteristically fine-grained. Cementing ma- 
terials consist of clay, silica, anhydrite, salt, dolomite, pyrite, and 
iron oxide. Some of the sands are micaceous, with biotite apparently 
the principal mica. Red coloring predominates, but some of the sand- 
stones are gray. The sands become coarser toward the south and 
west. The basal 200 feet of Whitehorse in Crockett County contains 
beds of gravel which probably indicate the presence of a local uncon- 
formity in the area. The proportion of clastic materials decreases to- 
ward the center of the basin. This decrease is more than offset by 
an increase in the thickness of the evaporites. 

Within the Midland basin the contact of the Blaine and White- 
horse is apparently gradational. Local unconformities, such as that 
indicated in Crockett County, are probably present in other areas 
around the margin of the basin and over some of the higher struc- 
tural areas, but, if so, the nonconformities are not readily apparent. 
Ideally, the contact of the two formations is considered as the horizon 
where the clastic content of the sediments changes from shale below 
to sandstone above. In reality, the contact is commonly determined 
by correlation. In the southern part of the basin the change from shale 
to sand is commonly closely associated with the first occurrence of 
bentonite, the “‘fire alarm” of diastrophic change. In this area beds 
of bentonite are common throughout the Whitehorse. At the northern 
end of the basin the bentonites are not recognized. This may be be- 
cause of some masking effect of the anhydrite and clastics or because 
the source of the material was farther south or southwest. 

Fossils are rare in the evaporite portions of the Whitehorse. Fresh- 
water faunas have been collected from channel sands in Oklahoma 
and Texas. On the southern and western margins of the basin where 
the evaporites grade into marine deposits, an extensive marine fauna 
is present. These marine forms differ from channel forms much as 
marine faunas differ from fresh- or brackish-water faunas at the pres- 
ent time. 

Alibates dolomite——The Alibates of the Texas Panhandle marks 
the top of the Whitehorse formation in that area. In the eastern Pan- 
handle the Alibates grades into the gypsum at the top of the Cloud 
Chief. Still farther east the Day Creek dolomite grades into the op- 
posite edge of the same gypsum bed.’ The Day Creek in Oklahoma 
separates the red sands and shales of the Quartermaster from those 
of the Whitehorse. The Alibates serves the same purpose in Texas. 
In outcrops north of Amarillo the Alibates is composed of two 
7 C. W. Sanders, Jr., personal communication. 
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thin dolomite members separated by a thin bed of red shale. In wells 
the dolomites are rarely differentiated. Cuttings show a dense white 
dolomite associated with anhydrite or gypsum. The Alibates is the 
highest Permian marker in the Panhandle. It is overlain by a thin 
series of Quartermaster sands and shales. This dolomite stringer is 
not at present recognized south and east of central Parmer County, 
where it appears to grade into anhydrite. It may extend considerably 
farther south in New Mexico. 

Many geologists correlate the Alibates with the Claytonville dolo- 
mite, which crops out in the vicinity of Sweetwater, Texas, at ap- 
proximately the same horizon. Others correlate it with the Rustler 
dolomite of the southern area. As shown on the section, however, the 
Alibates is much lower than the Rustler. In fact, the greatest impor- 
tance of the Alibates, on this section, is that it marks the base of the 
Panhandle Quartermaster and the top of the Whitehorse far enough 
south for these formations to be correlated in the stratigraphic col- 
umn of the Midland basin. 

Yates-Quartermaster group.—The Yates is a thin widespread bed 
of clastics lying above the Whitehorse over the entire Southern Per- 
mian basin. In the Yates pool, the type locality, the formation con- 
sists of a 50-foot bed of gray and brown sandstone with an anhydrite 
break near the base.* The sandstone is marked by many frosted quartz 
grains. In the basin away from the pool the Yates ranges from 50 to 
120 feet in thickness. In structurally low areas lenses of salt and an- 
hydrite occur with the sand. Elsewhere anhydrite is a common ce- 
menting material. The sands are everywhere characterized by frosted 
quartz grains. 

The color of the Yates sand in the Yates pool is brown or gray. 
In many other areas the sands are red. The non-red sands are appar- 
ently due to the presence of petroleum and gas, or to the reducing 
action of included organic material. It should be mentioned here that 
the Yates sand is not the main producing zone in the Yates pool, al- 
though it does produce some oil. 

Outcrops of sand, at or near the horizon of the Yates, occur just 
above the Claytonville dolomite along the east side of the Permian 
basin and near the top of the Gilliam formation in the Glass Moun- 
tains and near the top of the Capitan formation in New Mexico. The 
Yates is definitely many hundreds of feet higher in the section than 
the Queen sand of New Mexico with which it has sometimes been 
confused. Like the underlying Whitehorse, the Yates grades into the 


5 G. C. Gester and H. J. Hawley, “‘Yates Field, Pecos County, Texas,’’ Structure 
of Typical American Oil Fields, Vol. 2 (Amer. Assoc. Petrol. Geol., 1929), pp.480-99. 
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fusulinid-bearing limestones of the Capitan reef along the northern 
and eastern margins of the Delaware basin. 

The Yates appears to rest conformably on the Whitehorse, al- 
though the presence of such a uniform sheet of clastics, associated as 
it is with many frosted quartz grains, suggests a shallowing of the sea 
and possibly an increase of erosion in the surrounding areas. Heavy 
mineral work shows a varied source for the sands. Thickening and 
thinning of the Yates are controlled by local structure. 

In the northern part of the Midland basin and in the southern 
Panhandle, the Yates, like the upper member of the underlying White- 
horse, grades from red sand into red silt and shale. It is, however, still 
characterized by the presence of coarse frosted quartz grains. From 
a careful examination of this part of the area it seems that the Yates 
overlies the Alibates and is equivalent to the Panhandle Quartermas- 
ter. The Quartermaster, as here used, is limited to the thin series of 
red silts and shales lying between the Alibates and the base of the 
Triassic. 

The exact upper limits of the Permian portion of the Oklahoma 
Quartermaster are somewhat in doubt in the Texas Panhandle. For 
convenience, this point is here regarded as equivalent to the top of 
the Yates. The Triassic portion of the type Quartermaster is not con- 
sidered. In the past the Quartermaster of the Panhandle has been 
correlated with the uppermost Permian Red-beds of the southern 
basin, here called the Pierce Canyon. Recent work discredits this 
correlation and suggests that, although the Quartermaster is the 
youngest Permian formation of Oklahoma, it is much older than the 
youngest Permian of West Texas. 

Capitan formation.—The Capitan includes the limestones of the 
Capitan reef, which extends along the northern and eastern margins 
of the Delaware basin from Guadalupe Point to the west edge of the 
Glass Mountains. This reef limestone includes equivalents of the up- 
per Delaware Mountain sandstone on one side and of the Whitehorse, 
Yates, and 125 feet of post-Yates on the other. No specific name is 
applied to the 125 feet of post-Yates-Upper Capitan beds in the 
Midland basin. In the absence of an appropriate name this portion 
of the section is here referred to as “the Upper Capitan lentil.” 

The Upper Capitan lentil, which is approximately equivalent to 
the “brown lime” of the Hendrick pool,® grades from a solid lime- 
stone or dolomite near the reef into an evaporite section of anhydrite 


® A. L. Ackers, R. DeChicchis, and R. H. Smith, “Hendrick Field, Winkler 
County, Texas,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 7 (July, 1930), pp. 923- 
44. 
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and salt in the center of the Midland basin. The evaporites are in 
turn replaced by red sands and shales on the shoreward margins of 
the basin. The line of the accompanying cross section lies a long dis- 
tance east of the reef, and the Upper Castile lentil is composed of 
anhydrite, salt, red shale, and red sandstone in interfingering beds. 

The dolomite stringer, which marks the top of the Capitan, dis- 
appears a few miles east of the reef. From there, the top of the lentil 
is selected as the top of the pronounced bed of anhydrite, which nor- 
mally is encountered about 100 feet above the Yates. In the Midland 
basin this anhydrite is commonly associated with lenses of red shale 
or sandy shale. It is possible that in some wells salt beds in the upper 
part of the Capitan lentil may be confused with the basal salt of the 
overlying Castile formation. Throughout the Midland basin the Up- 
per Castile lentil appears to rest conformably upon the Yates. 

U pper Castile formation.—In the Midland basin the Castile group 
is represented by the upper salt series with its marginal clastic and 
anhydritic phases. The Castile evaporites, as shown by Cartwright, 
may be divided into an upper and a lower member.'® The Lower Cas- 
tile is composed of interbedded laminae of anhydrite and calcite with 
bedded salt in the structurally low areas. It is limited to the Delaware 
basin. Outcrops of the formation are common in the Delaware Moun- 
tains. The Upper Castile has a much greater extent and covers most 
of the Southern Permian basin. 

The Upper Castile is composed chiefly of salt and anhydrite. 
Marginally these evaporites grade into clastics on the north and east, 
and into dolomites and limestones at the south. The westward exten- 
sion was eroded immediately following deposition and the truncated 
edges are overlapped by deposits of Rustler age. Pre-Triassic erosion 
removed most of the marginal clastics and cut back into the evapo- 
rite-clastic gradation zone on the north. Similar, but less intensive, 
erosion truncated the beds on the east and southeast. The beveled 
edges were overlapped by Triassic and, as a result, no deposits of 
typical Upper Castile are known to crop out at the surface. 

On the southwest the salt of the Upper Castile is replaced by an- 
hydrite. This is effected by the thickening and coalescing of the an- 
hydrite stringers of the salt series at the north. Associated with this 
gradation, tongues of dolomite appear in the section. This change is 
progressive, and in the Glass Mountains the Upper Castile appears 
to be equivalent to the limestones and dolomites of the lower Tessey. 

The Castile section normally thins over the structurally high areas, 
and this thinning is commonly accompanied by a decrease in the pro- 

10 Lon D. Cartwright, Jr., op. cit. 
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portion of salt and an absolute increase in the amount of anhydrite. 
Another type of thinning is due to salt solution. This is commonly a 
marginal feature or one associated with fracturing, which has allowed 
circulating waters to penetrate the salt-bearing strata. The main pot- 
ash deposits of the Permian are found in the Upper Castile salts. 
Commercial development of the potash has been limited to New 
Mexico, although considerable exploratory work has been done in 
Texas. Apparently the potash salts are the normal end products of 
complete evaporation of sea water or replacements of previously de- 
posited sediments in contact with concentrated brines. Available evi- 
dence indicates that the salts were primarily deposited in the place in 
which they now occur and were not concentrated by surface or ground 
waters. 

There was probably a depositional break in the Midland basin 
during the time the Lower Castile was being deposited in the Dela- 
ware basin on the west. However, no appreciable unconformity has 
been noted between the Upper Castile and the top of the underlying 
Capitan. The anhydrite and sand lenses in the Upper Castile are 
nearly uniform and are essentially parallel with the top of the Yates. 
One marked anhydrite member, about 200 feet above the Yates, can 
be followed throughout almost the entire extent of the southern basin. 
The subdivision and correlation of the several well marked members 
of the Upper Capitan are beyond the scope of the present report. The 
economic importance of the potash beds, associated with the salt, 
makes it seem probable that this will eventually be done in great de- 
tail. 

As shown by the section (Fig. 2), the Upper Castile does not ex- 
tend into the Panhandle and is consequently younger than any of 
the Permian of Oklahoma. 

Rustler formation.—The Rustler formation includes the last bed- 
ded evaporites deposited in the Midland basin. Where present along 
the line of the cross section, the Rustler consists of a thin bed of an- 
hydrite with some interbedded red sandstone. Westward and south- 
ward the formation attains a thickness as great as several hundred 
feet and includes beds of dolomite and salt. The dolomite is com- 
monly porous and forms an important aquifer. The name was origi- 
nally applied to the dolomites at their outcrop in the Rustler Hills, 
but was gradually extended to include the overlying beds of anhy- 
drite and salt. It is not known whether the Rustler of the Midland 
basin is equivalent to the entire formation on the west or whether it 
is an eastward extension of only a limited portion of the type section. 
There is a marked angular unconformity between the Rustler and 
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the underlying Castile in the western part of the Delaware basin, but 
in the more stable Midland basin the formations appear to be con- 
formable. Along the eastern margin of the Midland basin the Rustler 
evaporites, like those of the other Upper Permian formations, grade 
into red beds. The northern extensions of the Rustler were removed 
by erosion, and the truncated edges are overlapped by the Triassic. 
In the Glass Mountain area limestones of Rustler age may be in- 
cluded in the Tessey. 

Even though the Rustler is separated from the underlying Cas- 
tile by an unconformity, there is no reason for assuming that it is 
any younger than Upper Permian. The anhydrites and salts both 
above and below the unconformity are very similar in character. The 
sands associated with the Rustler and Castile formations are identi- 
cal. Both were deposited in a sea retreating southwestward over the 
continent, and over most of their extent the beds of the two forma- 
tions are practically parallel. All indications are that the unconform- 
ity between the two represents merely another one of those slight 
oscillatory movements which were common throughout the entire 
Permian period. Most previous papers about the area have correlated 
the Rustler with the Alibates of the Panhandle, which is here shown 
to lie below the Yates sand. 

Pierce Canyon Red-beds.—The Pierce Canyon includes the upper- 
most Permian clastics of the southern basin. This formation, which 
overlies the Rustler, consists of a series of fine red sandstones, silts, 
shales, and minor amounts of green shale and secondary gypsum. The 
basal few feet of the section is marked by the occurrence of frosted 
quartz grains in most areas. This is the highest zone of frosted grains 
in the Permian. The distinctive characteristic of the frosted grains in 
this horizon is their exceptionally large size. 

In the central Midland basin and along the northern, western, 
and southern margins there is a sharp change from the red clastics 
of the basal Pierce Canyon and the white evaporites of the upper 
Rustler. On the southern margin, where the Rustler itself grades into 
red beds, the two formations are separated by the zone of frosted 
quartz grains. The Pierce Canyon Red-beds are separated from the 
overlying Triassic by a marked erosional unconformity and a decided 
change in lithological character. 

The Pierce Canyon forms a distinct subsurface unit over the cen- 
tral portion of the Southern Permian basin. No outcrops are known 
and no fossils have been reported from the cuttings and cores. Un- 
like the older Permian beds, the Pierce Canyon clastics do not grade 
into Permian dolomites and limestones. But the close similarity of 
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lithologic character and structure links these beds firmly with the 
underlying formations which are definitely of Permian age. Appar- 
ently, these Red-beds were the final deposits of the retreating Per- 
mian sea and they are, therefore, the youngest known Permian de- 
posits in the southern United States. The Bissett formation of the 
Glass Mountains, which has been regarded as uppermost Permian, 
appears to be early Cretaceous on the basis of fossils and strati- 
graphic continuity. 

The Pierce Canyon sediments were apparently laid down in a 
shallow brackish-water lagoon. The beds are thinly laminated and 
show evidence of presolidification slumping. The freshness of the 
minerals suggests that a large portion of the material was in its first 
sedimentary cycle. Extensive erosion of the marginal phases limits 
speculation as to the source of the sands, although the fineness and 
uniformity of the texture suggest long transportation by sluggish 
streams. 


CONCLUSIONS 


This paper has been prepared to show as accurately as possible 
some recently developed Upper Permian correlations in West Texas. 
There can be no question of equivalency of formations in the south- 
ern portion of the Midland basin. Correlations between the Panhan- 


dle wells are, also, unquestioned. It is possible that further drilling in 
the intervening area will slightly modify the present classification, 
but it is not believed that such modifications will materially affect 
the picture here presented. 
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HILBIG OIL FIELD, BASTROP COUNTY, TEXAS! 


W. C. BLACKBURN? 
Houston, Texas 


ABSTRACT 


The Hilbig oil field produces from a porous serpentine plug. The discovery well 
was completed, February 15, 1933, and the development of the field was completed 
with 18 wells in August, 1933. 

Evidence of surface structural features has not yet been found in the outcropping 
Wilcox formation; neither can evidence of subsurface structure be found in the under- 
lying Midway, Navarro, or Taylor formations. 

The serpentine is an altered, or metamorphic, igneous intrusion. The original ig- 
neous rock intruded the top of the Austin chalk, folding the chalk into a dome around 
the flanks of the intrusion. The Austin chalk shows evidence of contact metamorphism 
near the serpentine. Part of the lava was probably extruded on the floor of the Taylor 
sea, for Taylor sediments were deposited over and around the structure and are un- 
altered where they are in contact with the serpentine. The serpentine body is in the 
shape of a laccolith, with an areal extent between 700 and 800 acres. 

Salt water is found in the base of the serpentine. This water is probably native 
water of the Taylor sea, which was trapped within the serpentine. A uniform oil-water 
level is not present. The porosity of the serpentine varies from 3 per cent to 22 per cent. 
The oil is 35.5° A.P.I. in gravity, light green in color, and has a paraffine base. 


INTRODUCTION 


The Hilbig oil field is located about 1o miles southwest of the 
town of Bastrop and is accessible by improved roads from Bastrop, 
and from Lockhart, Caldwell County, on the southwest (Fig. 1). Red 
Rock, 4 miles south of the field on the Missouri, Kansas, and Texas 
Railroad, is the nearest shipping point. 

Bastrop County is near the northern boundary of the Gulf Coastal 
Plain, and has a gently undulating surface. The relief in the field does 
not exceed 75 feet. The area in the vicinity of Hilbig Store is drained 
by tributaries of Walnut Creek, which flows into Colorado River. 


HISTORY 


The existence of a serpentine plug on a block of acreage under 
lease by the Humble Oil and Refining Company was indicated by a 


1 Read by title before the Association at the Dallas meeting, March, 1934. Manu- 
script received, March 15, 1935. 


2 Geologist, Humble Oil and Refining Company. This paper is compiled from 
information obtained in the field during the period of development, from paleontological 
reports of the subsurface laboratory of the Humble Oil and Refining Company, and 
from other reports of the Humble Service Laboratory. The writer is indebted to the 
Humble Oil and Retining Company for permission to publish this paper, to L. F. Mc- 
Collum and F. M. Getzendaner for their criticisms and suggestions, and to Gene Gib- 
son for drafting the illustrations. 
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magnetometer. The Humble Oil and Refining Company is the only 
operator in the field. 

The discovery well was drilled 750 feet east of the west line and 
330 feet north of the south line of the Annie Hasler (Andy Wilhelm) 
135-acre tract in the Samuel Wolfenbarger Survey. This test was 
spudded on January 22, 1933. A productive body of serpentine was 
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Fic. 1.—Location of Hilbig oil field, Bastrop County, Texas. 


encountered at 2,468 feet on February 3, 1933, and the well was 
completed as a commercial producer on February 15, 1933, having 
penetrated 109 feet (2,468-2,577 feet) of saturated serpentine. Seven- 
teen additional wells completed the drilling program. 


STRATIGRAPHY 
SURFACE 


The Wilcox formation, which is in the lower part of the Tertiary 
system, crops out in the Hilbig oil field. Its regional dip is southeast. 
The field is near the southwest end of the outcrop of an extremely 
sandy lens within the formation. The outcrop of this sandy lens ex- 
tends northeast for several miles. Southwest, toward and beyond 
Red Rock, the Wilcox is composed of laminated sandy shales which 
weather to black-land soil. 

A sandstone-boulder zone, approximately 40 feet thick, crops out 
near the east side of the field and can be traced across the J. F. 
Ferguson 60-acre tract into the Pierce Wolfenbarger 75-acre tract, 
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where it is covered by weathered material. It crops out also between 
Hasler No. 1 and Hasler No. 2 and can be traced around the north 
side of Beck No. 1. 

The weathered material from the boulder zone covers most of 
the field, except on the west side, where a laminated sandy shale sec- 
tion below the boulders furnishes black soil. A few exposures of this 
section can be found along the road between Friske No. 2 and Wilhelm 
No. 1. Better and more numerous exposures are found in the small 
creek which flows northward from the Peter Goertz tract into and 
across the A. A. Friske farm. 

The structure of exposed strata in and around the field appears 
to be normal, with no indications of abnormal dips. 


SUBSURFACE 


The Wilcox formation was penetrated 600-800 feet with the drill 
The underlying Midway formation is 360~—550 feet thick. The com- 
bined thickness of the Tertiary section present is approximately 1,200 
feet. The contact between the Wilcox and the Midway is not uniform 
in the field, but the combined thickness of the two formations does 
not vary 50 feet. 

The Midway is underlain by 500-600 feet of the Navarro, the 
uppermost formation of the Upper Cretaceous. Below the Navarro 
are approximately 250 feet of the Marlbrook formation, 10-40 feet 
of Pecan Gap chalk, and 350-650 feet of Taylor marl. In several 
wells 5—so feet of Austin chalk was found before serpentine was en- 
countered. 

The serpentine was found at depths varying from 2,280-2,795 
feet. The subsea elevations on top of the serpentine range from 1,875 
to 2,346 feet. The greatest thickness of serpentine penetrated was 
325 feet. Conservative estimates indicate a maximum thickness of 
approximately 450 feet of serpentine. The thinnest section of serpen- 
tine observed was 12 feet. 


STRATIGRAPHIC COLUMN 


System Series Formation Thickness in Feet 
Tertiary Eocene fWilcox 600-850 
\ Midway 360-600 
Navarro 500-600 
Marlbrook 250+ 
Cretaceous Gulf Pecan Gap 10-40 
Taylor marl 350-650 
Serpentine* 12-450 
Austin chalk _ 


* In many places 5-60 feet of chalk is found on top of the serpentine. 
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THICKNESS OF SERPENTINE IN FEET 


Top of Serpen- Base of Serpen- 
Lease Pin tine, Depth tine, Depth Thickness 
umeer Below Sea-Level Below Sea-Level 


Andy Wilhelm (Hasler) 
Andy Wilhelm (Hasler) 
a Wilhelm (Hasler) 


2,006 2,403* 
1,968 
1,970 
2,051 
1,932 
2,024 
1,878 
1,995 
1,915 
1,886 
1,933 
2,015 
2,140 
1,875 
2,104 
2,121 
2,179 


Wolfenbarger 
Goertz 
Osborn 

* Estimated. See Figs. 2 and 3. 


STRUCTURE 


The oil of the Hilbig field is produced from a porous serpentine 
plug. The serpentine is an altered igneous rock which intruded 
through the Austin chalk; 350 feet of basal Taylor is absent over the 
crest of the plug, where younger Taylor sediments are in contact 
with the serpentine. It is a dome-shaped body, having about 300 feet 
of closure (Fig. 4). The dome is approximately 5,200 feet in diameter. 

The top of the Austin chalk in the vicinity of the plug is a trun- 
cated dome. The intrusion of the igneous rock caused the doming in 
the chalk, but there is no evidence of structure in any of the beds 
above the chalk, nor is there any reflection of the structure at the 
surface. A careful study of the paleontological logs shows an almost 
uniform thickness of the Tertiary formations. The Upper Cretaceous 
formations maintain their normal thickness over the plug; however, 
the Taylor is thicker on the top of the plug, as shown before. 


SERPENTINE 


The origin of the serpentine is a matter of debate at the present 
time. John T. Lonsdale* has given considerable time and thought to 
that subject. Reference is also made to the work of Smiser and 
Wintermann.'! 

3 John T. Lonsdale, ‘Igneous Rocks of the Balcones Fault Region of Texas,’’ 
Univ. Texas Bur. Econ. Geol. Bull. 2744 (1926), pp. 139-48. 


4 Jerome S. Smiser and David Wintermann, “Character and Possible Origin of 
Producing Rock in Hilbig Oil Field, Bastrop County, Texas,’’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 19, No. 2 (February, 1935), pp. 206-20. 
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397* 
333* 
332" 
Friske 280* 
Friske 250 
Ed. Wilhelm 3960* 
Ed. Wilhelm 322* 
Ed. Wilhelm 445* 
Ed. Wilhelm 466* 
Ed. Wilhelm 372* 
Ed. Wilhelm 197* 
Ed. Wilhelm 12 
Ed. Wilhelm 407* 
326 
68 
28 
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It is sufficient to state here that the serpentine at Hilbig is the 
altered product of an original basic igneous rock. A submarine volcano 
near the close of Austin chalk time accounts for the basalt. The ac- 
cepted theory is that the water of the Taylor sea filtered into the 
basalt and altered it to serpentine. It is rather difficult to understand 
how water could penetrate a non-porous rock such as basalt, but, in 
all probability, during, or soon after, the eruption of the basalt, the 
volcano ejected large volumes of superheated gas which penetrated 
the basalt mass from the bottom and started, but probably did not 
complete, the alteration. After the gas had partly honeycombed the 
rock mass, water from the Taylor sea probably entered the plug 
and completed the alteration. 

Evidence that the alteration came from within, or below, is found 
in several wells. Four wells (Friske No. 2, Hasler No. 3, and Wilhelm 
No. 3 and No. 5) had very tight and non-porous serpentine at the 
top, but porous serpentine was found after penetrating the altered 
igneous rock 40-80 feet. 

Wolfenbarger No. 2 had no porous serpentine. Several wells 
(Hasler No. 1 and No. 2, and Beck No. 1) on the southeast had 
serpentine which was completely altered. The water probably entered 
from the southeast, but did not penetrate all of the serpentine plug, 
because volcanic gases did not penetrate equally all parts of the plug. 
This unequal penetration of volcanic gas, it is believed, would cause 
unequal alteration of the plug. In those parts where the gas honey- 
comb alteration was not so complete, the porosity could not be so 
great; therefore, water could not penetrate to cause additional al- 
teration. 

The various serpentine plugs have originated in one of three dif- 
ferent ways.® 

1. Certain bodies of serpentine are in true sediments and altered 
sills or flows which are interbedded with ordinary sedimentary rocks. 
A good example of sedimentary serpentine is found upstream for 
several miles from Black Water Hole on Frio River in Uvalde County, 
Texas. A large part of the material seems to have been derived from 
explosive eruptions and deposited in such quantities as to form a true 
sedimentary bed. 

2. Another mode of origin of serpentine was caused by weathering 
of igneous rock in situ. Examples of this can be seen at the Knippa 
plug, Uvalde County, Texas. 

3. The third type represents the altered product of either extru- 
sive or intrusive volcanic rock. The processes of alteration have been 

5 John T. Lonsdale, of. cit., p. 139. 
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described in the foregoing discussion of the Hilbig plug, and it is likely 
that most of the serpentine oil reservoirs originated by this method. 

No basalt was found in any coring in this field, but serpentine in 
various stages of alteration was found. The serpentine cored from 
Wolfenbarger No. 2 was very hard and was blacker than that found 
in Beck No. 1. The serpentine from Beck No. 1 was a distinctive 
green, very soft, and porous, and did not in any way resemble the non- 
porous material from Wolfenbarger No. 2. _ 


4 me 


Fic. 5.—Serpentine cores from Wilhelm No. 


AUSTIN CHALK 


This is the first serpentine plug, to the writer’s knowledge, to 
show definite evidence of being intrusive. It is partly extrusive, but 
its intrusive nature is shown by the doming of the Austin chalk 
around the serpentine, and contact metamorphism of the Austin chalk 
lying on the serpentine. 

The uplift of the chalk is shown to the best advantage around 
the north and northeast flanks of the plug. One foot of altered chalk 
was found on top of the serpentine in Hasler No. 3, and 32 feet of 
altered chalk was encountered on top of the serpentine in Wolfen- 
barger No. 2. The top of the chalk in these two wells was — 1,969 
feet and — 2,072 feet, respectively, and the top of the chalk in the 
Wolfenbarger No. 1 was — 2,235 feet, which shows 266 feet of dip 
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N. 59° E. From Ed. Wilhelm No. 3 there is 153 feet of north dip on 
top of the chalk to Osborn No. 1. There is 46 feet of northwest dip 
from Ed. Wilhelm No. 3 to A. A. Friske No. 2. The uplifting of the 
chalk did not extend a great distance away from the body of the 
igneous rock, as shown by the position of the top of the chalk between 
Goertz No. 1 and Ed. Wilhelm No. 6 (Fig. 6). 

The first evidence of contact metamorphism was found in Wolfen- 
barger No. 1. The top of the chalk was penetrated at — 2,235 feet, 
and the chalk cuttings were very hard and crystalline. Cores taken 
from 2,764—2,765 feet and 2,765-2,785 feet consisted of hard crystal- 


Fic. 7 (Left).—Core of altered Austin chalk. Hard white crystalline limestone, 
almost marble, which takes good polish. Core from Wolfenbarger No. 1, depth, 2,765- 


2,785 feet. 
(Right).—Altered chalk with serpentine intruded. Core from Friske No. 2, 2,469- 


2,470 feet. 

line limestone, which, in some places, was almost marble. The chalk 
on top of the serpentine in Wolfenbarger No. 2 was also hard crystal- 
line limestone. The chalk on top of the serpentine in the Osborn No. 1, 
the Goertz No. 1, and the Wilhelm No. 6, was indurated and was 
similar to that in the Wolfenbarger No. 2. Some of the chalk in these 
wells, as well as that on top of the serpentine in Friske No. 2, Wil- 
helm No. 3, and Hasler No. 3, had a reddish brown color as if it had 


been baked (Figs. 7, 8, and 9). 


UPPER CRETACEOUS 
The isopach map shows the relative thickness of the Upper 
Cretaceous formations. The highest wells in the field have about 1,100 
feet, and the edge wells have approximately 1,425 feet of Upper 
Cretaceous. This indicates about 325 feet of thinning on top of the 
plug (Fig. 10). 
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There is 266 feet of uplift on the chalk from the Hasler No. 3 
to Wolfenbarger No. 1. The highest point on the serpentine (Wilhelm 
No. 7) is 96 feet higher than the top of the chalk in Hasler No. 3. 
This represents 362 feet of intrusion into the Taylor sea, which 


Fic. 8.—Core from Osborn No. 1. Depth, 2,632 feet. Shows contact of 
serpentine and altered chalk. 


Fic. 9 (Left)—Core from Osborn No. 1. Depth, 2,632—2,633 feet. Shows contact 
of serpentine and altered chalk. 


(Right).—Core from Friske No. 2. Depth, 2,469—2,470 feet. Shows altered chalk 
intruded with serpentine. 


crowded out part of the Taylor sediments that normally should have 
been deposited. This shortened section is found within the Taylor. The 
Pecan Gap and the Marlbrook do not show any thinning. The thick- 
nesses of the Navarro, Marlbrook, and Pecan Gap do not appear 
to be regular, but this is probably due to faulty sampling. The 
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Tertiary (Midway) and Cretaceous (Navarro) contact is uniform 
over the field. If the Austin chalk ever covered the entire top of the 
plug, it was eroded before Taylor deposition. The Taylor in contact 
with the serpentine does not show any evidence of metamorphism. 


SALT WATER 


Salt water, in the Hilbig field, made its first appearance in Friske 
No. 2, in which the entire body of serpentine was cored from 2,465 
feet to 2,714 feet. Although salt water was not detected in the cores, 
the drill-stem test showed a small amount of salt water. The well 
showed a small amount of water during the first few days of produc- 
tion, and later the water steadily increased to 20-25 per cent. Salt 
water appeared in Andy Wilhelm (Annie Hasler) No. 3 several 
months after completion. The total depth of Friske No. 2 is — 2,275 
feet, and of Hasler No. 3, — 2,185 feet. The depth of Wilhelm No. 3 
is — 2,154. The Friske No. 2 and Hasler No. 3 were plugged back to 
the same subsea depth as Ed. Wilhelm No. 3, and both produced pipe- 
line oil from this depth. Friske No. 1 later produced salt water from 
— 2,038 feet. 


POROSITY 


The highest porosity from Hasler No. 1 is 25.7 per cent, and the 
lowest is 17.9 per cent. The average porosity in this well is 22.3 per 
cent. The porosity from several cores from Wolfenbarger No. 2 was 
found to be as low as 2.2 per cent. The average porosity in this well 
was 3 per cent. The average porosity of the serpentine from Beck 
No. 2 was 8 per cent. 

Hasler No. 1 is about an average well for the field, and the porosity 
of the productive area should average about 22 per cent. The serpen- 
tine from Wolfenbarger No. 2 is only slightly altered, and the porosity 
is very low. The serpentine from the top of several wells (Friske No. 
2, Hasler No. 3) was not porous for 40~80 feet. After the penetration 
of this non-porous material, however, porous serpentine was en- 
countered. Streaks of porous and non-porous serpentine were found 
in various wells. 


OIL 


The oil from the serpentine plug at the Hilbig field is green, 
paraffine-base oil with a gravity of 35.5° A.P.I. There is no free gas 
in the reservoir. 

The porous serpentine, which is covered with Taylor marls, acts 
as the oil reservoir. The source beds of the oil are probably in the 
Taylor formation. 
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The following table shows the average hourly flow of the initial 
3-hour production tests, the amount of penetration, the top of the 
serpentine, the estimated amount of known productive serpentine, 
and the amount of time necessary for each well to flow an allotted 
too barrels of oil. 


Hours Necessary 
Barrels : Top of Est. Feet for Each Well 
Well Per Hour, P ry Serpentine of Prod. to Flow 100 
Initial a in Feet Serpentine Barrels 
Test Subsea (Sept. 24, 1933) 


Beck No. 1 122.5 
Friske No. 1 
Friske No. 2 
Hasler No. 1 
Hasler No. 2 
Hasler No. 3 
Wilhelm No. 
Wilhelm No. 
Wilhelm No. 
Wilhelm No. 
Wilhelm No. 
Wilhelm No. 


It will be noted from these data that wells located structurally 
high do not necessarily have a good initial test, or maintain good 
production records. The main objectives for good production in the 


plug are good porosity and good permeability. A great amount of 
penetration without permeability, even though the immediate vicinity 
may be porous, is of little additional value. 


95 2,051 95 

106 1,932 106 

249 2,024 180-190 

109 2,006 109 

102 1,968 102 

215 1,970 130 

154 1,878 153 .25 
162 1,995 162 

187 187 

102 1,933 102 

143 2,021 106? 

178 1,875 178 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 19, NO. 7 (JULY, 1935), PP. 1028-1042 


RESPONSIBILITY OF GEOLOGIST IN SALE OF OIL AND 
GAS SECURITIES UNDER NEW SECURITIES ACT! 


IRVING PERRINE? 
Washington, D. C. 


ABSTRACT 


This paper presents a brief summary of the Securities Act, setting out its provisions 
relative to the sale of oil and gas interests, its exemptions, requirements for registra- 
tion, forms to be used in registering royalties, working interests, et cetera. No sales to 
the public are exempt from registration unless certain conditions are fulfilled. The work 
of the geologist through appraisals, geologic reports, estimates of ultimate production, 
and published reports of all oil and gas fields, more especially the new fields, and his 
new responsibility to the public are discussed. 


On May 27, 1933, the Securities Act of 1933, regulating the sale 
of all securities offered to the public, with certain exemptions, was 
signed by President Roosevelt. This was followed approximately one 
year later by the Securities and Exchange Act of 1934, effective, July 
1, 1934. At this time there was created a new Commission known as 
the Securities and Exchange Commission. 

The 1934 amendment to the Securities Act of 1933 includes 
specifically under the definition of “security” “any . . . fractional 
undivided interest in oil, gas, or other mineral rights. .. .”’ In this 
paper none of the various securities affected by these two Acts is 
discussed with the exception of those relating directly to oil, gas, and 
other mineral rights. 

The word “rights” is sufficiently broad in its significance to make 
the definition applicable both to interests which are regarded as giving 
ownership of the oil in place and to those which merely afford the 
owner the right to enter and produce. The ordinary royalty and lease 
interests are plainly within the foregoing definition. Unless, however, 
the interests in question are ‘fractional, undivided”’ interests, they 
are not within the definition. Thus the sale of the entire royalty or 
lease-hold in a particular tract, if it is the sale of a security at all, is 
' not a sale of a security which requires registration under the Act. 
For example, in the case of the sale of the entire royalty under a 


1 Read before the Association at the Wichita meeting, March 23, 1935. Manu- 
script received, March 23, 1935. 


2 1619-21 Petroleum Building, Oklahoma City, Oklahoma, special consultant to 
the Securities and Exchange Commission. 
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defined 5-acre tract, the Act would not apply in the absence of some 
pooling agreement or the like, but would apply to the sales of 5-acre 
undivided royalty interests in a defined 160-acre tract. 
Section 2(4) of the Act reads in part as follows. 

. .. With respect to fractional undivided interests in oil, gas, or other mineral 
rights, the term “issuer” means the owner of any such right or of any interest 
in such right (whether whole or fractional) who creates fractional interests 
therein for the purpose of public offering. 


In determining who is the issuer of such an interest for the purpose 
of the Act, three points must be considered. 

1. Ownership.—The issuer must be the owner of the interest in 
question. The holder of either the full legal or full equitable title to 
the interest in question would seem to be an “owner” for the purpose 
of the Act. 

2. Fractional interests must be created by the owner. 

3. Public offering —There is no numerical criterion for determining 
whether or not an offering is public. The ordinary offering of such 
interests by a person who deals in them would come within the con- 
cept of a public offering. Although an offering may perhaps be made 
actively to only a few persons, nevertheless the interests are for sale 
to any member of the public who wishes to buy, and it is the number 
of persons to whom the offering is open that is determinative, rather 
than the number of persons to whom it is affirmatively offered or to 
whom it is in fact sold. It is not necessary that the actual offering 
to the public be made directly by the person who otherwise is within 
the definition of “issuer.” The offering may be made through the 
ordinary distributing channels. Thus, although the issuer may confine 
his offering to retail dealers, nevertheless his subdivision of the in- 
terest for sale to those dealers is the initial step in a contemplated 
public distribution, and will make him an issuer. 

A fee owner who arranges with a dealer for the sale of his royalty, 
being paid therefor only on the distribution of fractional interests, 
would be classed as an issuer, since under these, or like, circumstances 
he would be availing himself of the dealer’s distributing facilities. 
The same would be true of a lessee. The fee owner would not in the 
case of an outright sale by him to a dealer be considered as an issuer, 
since he is not ordinarily engaged in the process of distribution, and 
his sale to the dealer ends his participation in the transaction, but the 
same is not necessarily true of the lessee. 

The term “dealer,” as defined, means any person who engages 
either for all or part of his time, directly or indirectly, as agent, 
broker, or principal, in the business of offering, buying, selling, or 
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otherwise dealing or trading in securities issued by another person. 

The term “offeror” means any dealer in interests of a class ex- 
empted from registration under regulations of the Commission 
(whether or not he is issuer of the interest in question), who sells 
or offers to sell an interest exempted thereunder; but the term does 
not include an employee of such a dealer acting within the scope of 
his employment. 

Under a recent ruling of the Commission all oil and gas interests 
must be registered unless (a) exempted under the Act, Sections 3 and 
4, or (b) exempted under regulations of the Commission published in 
its releases from time to time. The power of the Commission to ex- 
empt by regulation is limited by the terms of the act to issues not 
exceeding $100,000. No sales to the public are exempt from registration 
under the provisions of the Act unless certain conditions are fulfilled. 

Registration of oil and gas interests, as of other securities, is ac- 
complished by the filing of a registration statement with the Com- 
mission, accompanied by the appropriate fee. Forms specially ap- 
plicable to oil and gas interests will be provided by the Commission 
and must be used in filing such statements. The effective date of such 
a statement is the twentieth day after its filing, unless its effectiveness 
is suspended by action of the Commission. Until the statement and 
any amendments that may be made thereto become effective, the 
interests registered therein can not lawfully be offered by the use of 
the mails or in interstate commerce. 

“Registration statements” are required for the public offering of 
securities in amounts exceeding $100,000, involving interstate com- 
merce or the use of the mails, except for certain exemptions provided 
by the Act. For public offerings of securities of the types herein dis- 
cussed involving smaller sums, “offering sheets’ filed on certain 
forms called “Schedules,” now being proposed for adoption by the 
Commission, may be used. The chief difference in the two forms is 
that registration statements do not become effective until the twenti- 
eth day after filing, whereas the offeror can immediately make sales 
to the public after filing with the Commission the offering sheets. 
Various forms and schedules for producing and non-producing royal- 
ties, working interests, over-riding royalties, and oil payments are 
now being prepared by the Commission to cover these types of 
securities. Royalty and oil trusts (Form C-1) and stock companies 
(Form A-r) require still different forms. 

It is not the purpose of this paper to discuss all of the exemptions 
from registration, both of securities and transactions, as set out in 
the Act as amended in 1934 and in the Regulations of the Commission. 
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Mention should be made, however, of certain of these exemptions: 

(1) Interests sold before July 27, 1933, or offered publicly before 
that date, may be offered without registration if no material change 
is made in the terms or conditions of the offering sufficient to con- 
stitute it a new one; 

(2) Securities which are part of an issue ‘sold only to persons resi- 
dent within a single State or Territory, where the issuer of such 
security is a person resident and doing business within . . . such State 
or Territory”; 

(3) Transactions by any person other than an issuer, underwriter 
or dealer; transactions by an issuer not involving any public offer- 
ing; and 

(4) Ordinary transfers between private persons. 


WORK OF THE GEOLOGIST 


It is evident in the preparation of any prospectus or statement 
made by an issuer or offeror to the public that information with 
reference to the particular oil or gas investment must be sufficiently 
detailed to give the investor a fair knowledge of the type of invest- 
ment in question. 

In all the various schedules and forms, which are to be required, 
either a geological report or an appraisal report forms an essential 
part of the schedule or prospectus. Consulting geologists will be 
called on to make geological reports and appraisals of the future 
recoverable oil on nearly every oil and gas security offered to the 
public. 

Very few geologists are aware of the large and ever-increasing 
number of investors in oil and gas securities other than the old-line 
stock companies quoted on the Exchanges. Millions of dollars are 
spent annually by these investors in the purchase of royalties, working 
interests, over-riding royalties, oil payments, et cetera. Such investors 
must depend on the reports furnished to them by the salesmen of 
these securities. Pro bono publico, therefore, geological reports on all 
new oil and gas pools should be made available to the public as early 
as possible in the development of these pools, and early estimates of 
their ultimate production should be given. Detailed information of 
the present producing fields should be published and brought down 
to date at frequent intervals in oil and gas publications which are 
readily available to the public. Above all, the estimates of the amount 
of recoverable oil in the ground, on which most of these sales of oil 
and gas securities are based, must be worked out with great care. 

Until recently, the work of most geologists has been mostly of a 
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confidential nature, their reports going into the private files of oil 
companies. Now they are called on to make estimates of future oil 
and gas reserves which must serve virtually as the only guide ¢o the 
public in determining whether or not an oil or gas investment is good 
or bad. Such estimates should be prepared, not with the thought of 
making them agree with the price the dealer sets, for value received, 
as has so often unquestionably been done in the past by unscrupulous 
so-called engineers, but with the one idea uppermost in mind of 
using every known factor to build up estimates to which the self-re- 
specting geologist can point with pride in after years, basing his 
opinions on the application of accepted professional principles to 
facts, wherever possible, and avoiding wild guesses on any factors. 
Frank statements of opinion as to possibilities of oil reserves from 
undrilled horizons may sometimes seem desirable, but to include them 
in any estimates of future oil and gas reserves on the same basis as 
those from producing horizons seems to the writer an unpardonable 
offense. Caviat emptor (let the buyer beware) may well stand side by 
side with caviat geologicus (let the geologist beware) with reference 
to those members of the profession making reports manifestly unfair 
to the public. 
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TECHNICAL BASIS OF BLEACHING-CLAY INDUSTRY! 


P. G. NUTTING? 
Washington, D. C. 


ABSTRACT 


The bleaching clays of commercial interest are the active clays of the Southeast 
and the activable bentonites of the Southwest and Southeast. No first-class clays of 
either type have yet been found in the Mid-Continent region. All the best active clays 
are substantially equal in bleaching power. The same is true of the activable clays. 
Each individual differs less from others in the same class than the variation with depth 
in one deposit. Practically unlimited quantities of the highest grade clays of both t 
are available and there are vast reserves of each only slightly inferior. Although other 
clays and minerals nearly as high in bleaching power as the active and activable clays 
of commercial interest have been found, none exceeds them in bleaching power or can 
compete with them in price. Glauconite and Ordovician bentonite, properly prepared, 
may be of special service locally; they can not compete with the commercial clays for 
bleaching purposes at present. Special treatments of clays enhancing their bleaching 
ee have been found to be not worth the added cost. Methods of testing and rating 

leaching clays have been briefly outlined. 


This is a period of rapid and deep-seated change in the bleaching- 
clay industry. A few years ago only a very few really good fullers 


earths or activable clays were being produced and these few were not 
well located with respect to markets; the appearance of highly com- 
petitive super-clays from new deposits of new kinds of material, from 
by-products, from synthetics and from new treatments of known 
clays was greatly feared and the promoter of over-rated deposits 
of inferior clay prospered. Thanks to comprehensive and intensive 
research on bleaching clays, many of these fears and fallacies have 
been eliminated; the locations of the best deposits of the best clays 
are fairly well known, with the maximum performance of each. We 
may now look forward with confidence to the complete rationalization 
of the bleaching-clay industry, when the best preparations of the 
best clays will be available to the public in abundance at a reasonable 
price. 

The open-bond theory of the bleaching action of active oil sands 
and bleaching clays by selective adsorption set forth by the writer 
in previous papers*-**.°.7.8 has met every test that has thus far been 


1 Manuscript received, April 1, 1935. Published by permission of the director of the 
United States Geological Survey. 
2 United States Geological Survey. 


3 “Petroleum, Silica, and Water,’’ Econ. Geol. (May, 1926). 
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devised. Clay particles (or oil sand grains) are potential bleaching 
agents for oil when their surfaces hold H and OH radicles adsorbed 
in a thin layer. When these are driven off by heating, open bonds 
are left which select from oil the darker, more basic constituents. 
At elevated temperatures (100°-200° C.) dark oil particles directly 
replace hydrogen and hydroxyl ions without previous drying. Cer- 
tain clays that are not active because bases such as iron, aluminium, 
and calcium already occupy the surface bonds, may be activated 
by replacing such bases by the hydrogen of an acid. The open-bond 
hypothesis is fundamental in understanding various details of the be- 
havior of bleaching clays. 

Bleaching clays were formerly divided into two groups widely 
different in properties: (1) the naturally active fullers earths, such as 
those of Georgia and Florida, whose bleaching power is either de- 
creased or unchanged by acid treatment, and (2) the activable clays, 
usually bentonites from the far Southwest, having but slight bleach- 
ing power in the raw state but after partial leaching with acid far 
excelling the fullers earths in bleaching power. However, scores of 
clays having all intermediate degrees of behavior have been found 
and studied. A few samples showed bleaching power equal to the best 
fullers earths and yet activated with acid nearly up to the best. Clays 
1-5 (Table I) illustrate this gradation in properties. 

This gradation suggests that many fullers earths were derived 
from bentonites (hydrated volcanic ash, low in silica) by nat- 
ural leaching in surface water assisted in some cases by plant acids 
and bacteria, all of which have been found by laboratory tests to 
modify clays profoundly. Such an origin is further indicated by the 
presence of nearly pure bentonite at the bases of thick beds of some 
fullers earth deposits in central Georgia and northern Florida. Ash 
deposited in situ became bentonite; that which gradually washed in, 
with leaching of grain surfaces, became fullers earth sometimes very 
free from silt. Clays 6 and 7 in the table illustrate this gradation 
from fullers earth in the body of the deposit to highly bentonitic 
clay at its base. Most bentonites are readily changed to fullers earths 


* “Some Physical and Chemical Properties of Reservoir Rocks Bearing on the 
Accumulation and Discharge of Oil,’’ Problems of Petroleum Geology (Amer. Assoc. 
Petrol. Geol., 1934), pp. 830-31. 


5 “The Bleaching Earths,”’ Indus. and Eng. Chemistry (January 15, 1932), pp. 139- 
41. 


6 “Bleaching Clays,’’ Oil and Gas Jour. (January 26, 1933). 
7 Ibid. (November 16, 1933). 
8 U.S. Geol. Survey Cir. 3 (1933). 
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in the laboratory by simply treating the ground material (150-mesh) 
with dilute (1 per cent or less) HCl, H2SO4, or organic acids; some 
by alternately drying and moistening with water alone. 

After room-drying, lumps of bentonite slake readily in water; 
lumps of fullers earth do not, or at most crack into large chips. The 
activable southern bentonites, on slaking to mud, leave unslaked 
granules from the size of a pinhead down, easily removed and washed 
on a 10o-mesh sieve. These granules are characteristic of each in- 
dividual bentonite deposit and are useful for identification. The 
northern bentonites (Wyoming) swell and gel on slaking and do not 
contain such granules; no activable bentonite fails to show them. 
If the granules are ground up, treated, and tested, they commonly 
show the same bleaching power as the fines; in a few cases they ac- 
tivate to a higher power, never to a lower. The slaked fines of an old 
room-dried sample sometimes are quite inactivable. 

Samples of fullers earth, on room drying, change very little in 
bleaching power, usually improving slightly with the dehydration, 
but bentonites deteriorate rapidly both before and after acid treat- 
ing so that samples room-dried for 2-6 months are useless for testing. 
The bleaching power of even fullers earth drops to about half its 
initial value on heating to 160° C. for two weeks in air (oxidation). 
Fresh clay keeps well over water in an air-tight desiccator. In the 
table are shown two tests of the same bentonite, 8 when fresh, 
and 9g after standing room-dry for 3 years; the reason for this be- 
havior is not yet known. The open bonds left by partial dehydration 
are apparently not very stable and form new associations. 


FULLERS EARTHS 


The well known fullers earths mined in quantity in central and 
northern Florida (Hawthorne formation), in central Georgia (Twiggs 
clay member of Barnwell formation), southwest Georgia (Hawthorne 
formation), and Creede, Colorado, are practically alike in bleaching 
power and each is preferred for use on lard, cotton oil, linseed or 
petroleum for other reasons such as retention and stability of oil 
treated. In fact these differ from each other no more than different 
samples from the same bed. There are enormous quantities of these 
clays available near the present mines. These are apparently rather 
pure bentonites, fully leached and weathered. 

The Porters Creek clay, mined extensively near Olmstead, Illinois, 
has only about 0.6 the bleaching power of the higher grades of fullers 
earth, but is useful for the near-by treating of large quantities of the 
lower grade petroleums. The Porters Creek clay runs in a broad deep 
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belt southward across western Kentucky and Tennessee and north- 
eastern Mississippi into central Alabama. It appears to be a bentonitic 
clay containing approximately 30 per cent bentonite throughout, very 
uniform in its bleaching power. No. ro in the table is typical of scores 
of samples tested. It is hard when dry and granulates well, and the 
supply is of course practically unlimited. 

The imported English fullers earth is activable like a bentonite, 
although not sold in treated form. The activation range is narrow, 
maximum activation being obtained when 22-30 per cent is removed 
by acid, while 38 per cent is soluble in acid. The yellow and red 
separations are low, but the water white and green are very high. 
As a fullers earth it is on a par with the domestic Georgia-Florida 
product. 

In Arkansas, Oklahoma, southeastern Texas and southern Missis- 
sippi, many beds of fullers earth have been found and a few worked, 
but the best of these yet tested are only on a par with the Porters 
Creek clay of Olmstead, Illinois, and all of them are much too soft 
to withstand granulation and reburning. Considerable Georgia- 
Florida fullers earth is used in the numerous refineries of the Mid- 
Continent region, despite added freight costs. The evidence indicates 
local presence of volcanic ash of the proper composition in this 
region, but physical conditions favoring its transformation to active 
and activable clays, and its accumulation in pure condition in large 
deposits, seem to have been lacking. 

In Colorado and Utah are considerable deposits of active clay 
on a par with the Georgia-Florida fullers earths in bleaching power, 
but too soft for granulation and reburning. In Nevada, near Death 
Valley, and near Olancha, California, are active clays even higher 
in bleaching power than the Georgia-Florida, but these again are 
too soft to granulate for percolation and too lacking in uniformity to 
be mined profitably. One selected clay from near Olancha has the 
highest bleaching power (untreated) (1.4-2.0-2.2-2.4) of any clay 
yet tested, although some selected samples from Georgia and Florida 
are nearly as high. With the naturally active as well as the activable 
clays, the dominant factor in bleaching power appears to be the 
quality of the original ash and its freedom from admixed clay. If 
not too high nor too low in silica, excess water converts it to bentonite 
(rarely to zeolite) which may or may not leach to an active clay. 
Solutions of plant acids and carbon dioxide are competent natural 
leaching agents. 

ACTIVABLE CLAYS 


The better activable clays, like the fullers earths, are in general 
found only in the southern part of the United States, south of a line 
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through Richmond, St. Louis, Denver, and Salt Lake City. The north- 
ern bentonites, though abundant, do not activate sufficiently to be of 
interest as bleaching clays. No. 12 in the table is a typical northern 
bentonite from Wyoming. Three exceptions to this latitude rule 
have been found: Canadian bentonites from Edson, Alberta (13), and 
from the vicinity of Winnipeg are of the southern non-swelling, ac- 
tivable type, and a swelling bentonite from southern California, high 
in magnesium (soluble Fe: Al:Ca: Mg=o0:2:2:6), which, however, 
activates well (14 in the table). 

The only bentonites treated in quantity for bleaching oils are in 
the far Southwest, mined near Chambers in northeastern Arizona 
(Filtrol Company) and near Otay, just south of San Diego, California 
(Standard of California and General Petroleum Company). Lesser 
workings are near Woodward in western Oklahoma; a!so near Bonne- 
ville in northeastern Mississippi where there is a small deposit in the 
Eutaw formation of the Upper Cretaceous (No. 15 in the table). 
The bleaching power of No. 15 (1.4-2.9) is nearly the lower limit of 
commercial interest in acid-treated clays. 

In 1931, Professor Trowbridge of Iowa discovered a large deposit 
of very pure bentonite in Smith County, Mississippi, in the Vicksburg 
group (Oligocene) which was found at the United States Geological 
Survey to be highly activable as a bleaching clay. About the same 
time tests showed that certain deposits of bentonite near Silver 
Cliff, Colorado, and Santa Rita, New Mexico, were very pure and 
highly activable. Recently the Vicksburg group of Florida and 
Georgia has been found to contain high-grade bentonite like that in 
Mississippi. No first-class bentonites have yet been discovered in or 
near the Mid-Continent region, although some in southwestern 
Arkansas are promising. 

The known large deposits of highly activable bentonites test very 
much alike in maximum bleaching power, differing less from one 
another than the variation through any one bed. Huge quantities 
are available and doubtless much more will be discovered. In the 
Southeast it appears only necessary to follow along the geologic 
formation to locate a mine in a suitable place. In the Southwest, 
deposits appear to be chiefly in scattered old Pliocene lake beds. 
Where these old lake beds lay in suitable drainage basins, the deposits 
are very thick and unsurpassed in quality, as a quick wash from 
clean rocks would give maximum purity with minimum leaching and 
oxidation. 

MISCELLANEOUS ACTIVABLE MATERIALS 


A great many materials other than fullers earths and bentonites 
will bleach oil if properly prepared, but are of little commercial in- 
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terest because of their low bleaching power, their limited occurrence, 
or the expense or difficulty of their preparation. They are worth a 
brief description, however, for the light they throw on the bleaching 
action. 

Ordinary field soil possesses some bleaching action due to selec- 
tive adsorption—an effect possibly related to the preparation, storage 
and release of plant food. Many quartz oil sands (the Tensleep of 
Wyoming) and tar sands (Alberta) have activated surfaces and are 
coated naturally with an adsorbed layer which will not wash off in 
solvents but may be removed by CrO;. We go to modern river silts, 
ceramic clays, and sea sand for material without any bleaching power. 
Some diabase soils rank as fairly good bleaches. A residual decomposi- 
tion product from a granite area in Washington, D.C. (16 in the table) 
activated to a bleaching power over half that of a commercial bento- 
nite. The maximum solubility of this clay in HC/ was 49 per cent. 

Some gouge clays and some pegmatite clays test very much like 
the best bentonites. No. 17 in the table is a gouge clay from Twin 
Falls, Idaho. No. 18 is a pink pegmatite clay from southern California. 
Both are quite unrelated to ash, yet their behavior toward acid 
and oil is similar, and even their thermal dehydration curves bear a 
striking resemblance to those characteristic of all bentonites. 

Certain olivines and blast furnace slags yield readily to acid 
and may be made into fairly good bleaching material if the leaching 
is carried to the proper point. This is difficult, however, on account 
of the strong tendency to gel to a slimy unworkable mass or go over 
directly to silica gel. Weathered olivine and serpentine are less dif- 
ficult to leach and give high bleaching power, but occur in such limited 
quantities (of uniform composition) that they are of little practical 
interest. The alumino-silicates are far more tractable than the sili- 
cates. Silica gel is only a poor bleach in either the synthetic form or 
that resulting from overleaching bentonites. Activated alumina may 
have either a very high bleaching power or none at all, depending 
on details of preparation and on age (crystallization?). The water- 
softening zeolites, either artificial or natural, are but indifferent 
bleaching agents at best. Halloysite, alunite, and many minerals of 
this class will activate, but are of no practical interest. 

Tests on several deep bentonites (500-8,000 feet) from southern 
oil fields indicate a quick deposition with but slight weathering. 
These bentonites are in a class by themselves with fairly well defined 
characteristics intermediate between those of an ash and a finished 
bentonite and yet different from those of the Wyoming type. One 
very interesting Colorado ash was found, superficially sufficiently 
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converted to a bentonite to be activable, yet with the gritty feel and 
thermal dehydration curve of an unaltered ash. 

Also in a distinct class are the Ordovician bentonites. These are 
usually very hard and dense, but they slake in water and leach in 
acid like those much younger. Though they are abundant, their oc- 
currence in layers only 2-3 feet thick bedded in solid limestone, 
makes their mining expensive. No. 19 in the table is the test of the 
well known lower bed at High Bridge, Kentucky, and No. 20 is one 
from northwestern (Walker County) Georgia, tilted and somewhat 
weathered. 

Considerable interest has been aroused in the glauconites (green- 
sand) as a source of bleaching material on account of their abundance 
and easy accessibility. They occur in beds 5—40 feet thick near the 
surface from New Jersey to Maryland, in Texas, Missouri, Australia, 
and many other localities. They contain chiefly sand and clay as 
impurities, most of which are easily separated by screening and 
washing. Glauconite yields readily to acid, the maximum removable 
being about 37 per cent. Maximum bleaching power is attained by 
removing about 25 per cent. The addition of salt to the leach acid 
appears to give better control® over the leaching as the grains vary 
considerably in the solubility of their bases. Simply dried and ground, 
glauconite is an effective bleach for cotton oil. In the table, No. 21 
is a Patuxent glauconite from the vicinity of Washington; No. 22 a 
glauconite from the worked bed near Sewell, New Jersey. 


SYNTHETICS AND SPECIAL TREATMENTS 


Many amorphous silicates may easily be prepared by precipitat- 
ing sodium silicate with salt solutions or acids.’° The dilution should 
be such that the gel forms only after at least five minutes. The gel 
is dried, ground and thoroughly washed in pure or slightly acid 
water. The bleaching powers of these synthetics range from that of a 
silica gel up to that of a gel precipitated with chromic acid (CrOs) 
solution, which was about equal to a fullers earth. Aside from their 
low bleaching power, such synthetics are too expensive to prepare 
to be of commercial interest. 

Special treatments for clays, designed to modify the ionic con- 
centrations on their grain surfaces, have been investigated. Such 
treatments as excessive leaching in pure water, electrodialysis, cook- 
ing in acid-salt solutions," base exchange before acid leaching and 

® “Bleaching Clays,” Oil and Gas Jour. (January 28, 1933). 

10 “The Bleaching Earths,’’ Indus. and Eng. Chemistry (January 15, 1932). 

11 “Bleaching Clays,” Oil and Gas Jour. (January 26, 1933). 
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bacterial cultures all produce interesting changes in clays. Some of 
these enhance the bleaching power, but none sufficiently to justify 
the additional expense from a practical viewpoint. It is, however, a 
fruitful field of scientific investigation, particularly in relation to 
soils and plant food. 

One set of experiments on base exchange may be of geologic in- 
terest. If the finely ground clay is shaken with a strong NaCl solu- 
tion, base exchange of Na for the free Ca of the clay occurs rapidly 
and is complete in a few minutes in the cold. Mg, Al, Fe, and Si 
are not affected: nor is Ca in the form of carbonate, feldspar, calcite, 
or wollastonite. Most activable bentonites exchange Na for Ca very 
readily and nearly completely but fullers earths exchange only about 
half their calcium. 


TESTING AND RATING BLEACHING CLAYS 


The various methods used in testing clays in different testing 
laboratories are all simple, but rating them by any fixed general 
standards seems almost impossible. Each laboratory chooses its own 
test method, test oil, and reference standard clay. The reference clay 
changes with age and neither it nor the test oil can be exactly dupli- 
cated. A common method is to mix 2, 4, 8, 16, and 32 weight per 
cent of prepared clay with the test oil (100 cubic centimeters), heat 
to a given temperature (100°—200° C.) for a given time (20-40 minutes) 
with constant stirring, filter out the clay and compare the color of 
the filtered oil with a set of (Tagliabue) color standards. But stirring 
is imperfect, oxidation darkens the oil during treatment, and various 
uncertainties arise. The writer much prefers a percolation method 
and a cold crude test oil (using the conventional test only for cotton 
and linseed oils) because of the details of behavior which it reveals. 

The clay to be tested is placed in a vertical tube closed at the 
bottom™ by a porous disk of blotting paper. It is then wet with 
gasoline, stirred thoroughly, and allowed to drain. This treatment 
avoids channeling, which is likely to occur if the test oil is poured 
on the dry clay. Next, the test oil is introduced, slowly at first to 
avoid disturbing the clay. The test oil comes through water white 
at first, then yellow, then red, then finally ceases bleaching altogether. 
The ratio of water-white oil to clay is the bleach for that color, al- 
lowance being made (0.4-0.6) for the gasoline left in the voids of the 
clay. 

The clay to be tested is room-dried, ground, and put through a 
150-mesh sieve, then put in an oven at 160° C. for an hour. The 150- 


12 “Bleaching Clays,” Oil and Gas Jour. (November 16, 1933). 
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mesh size (0.1 mm.) is fine enough to permit all the clay to bleach, 
but coarse enough to permit the percolation test to run in about an 
hour. A temperature of 160° C. is found to be proper to remove 
moisture (capillary, adsorbed and osmotic water) from this class of 
clays without disturbing the internal structure or closing any open 
bonds. The test of the acid-leached clay is similar except that the 150- 
mesh clay is cooked for 2 hours in 20 per cent HCl or H2SO,, then 
thoroughly washed, dried, and resifted. The amount of dilute acid 
used is 100 cubic centimeters to about 3 grams of clay. The time 
and temperature of cooking, acid concentration, and ratio of acid to 
clay are all important factors. 

To find the maximum bleaching power of a clay, it is necessary 
to obtain at least 6 sets of points on the curves of bleaching power 
plotted against amount removed." Six 3-gram samples of the 150- 


TABLE I 
REPRESENTATIVE BLEACHING CLAYS 


Oil Bleach Raw Acid Treated Acid Soluble 
Gr. Yel. Red Bl. Gr. Vel. Red Bl. Fe: Al: Ca Off 


1 Floridin 
2 Creede 
3 “F87” 
4 Chito 

5 Laurel 


6 “G84” 

7 “G86” 

8 W. Tenn. 
9 “3 yrs.” 
10 P.C, 


11 Eng. “XL” 
12 Wyoming 
13 Alberta 

14 Hector 

15 Boone 


16 D.C. 

17 Gouge 
18 Peg. 

19 Ky. Ord. 
20 Ga. Ord. 


21 Md. glau. 1.2 
22 N.J. glau. 0.8 
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Field sample from Southeast. 4. Chito, Arizona. 5. Smith County, Mississippi, Vicksburg group. 6 and 
selected field samples from Southeast. 8 and 9. West Tennessee Eutaw (?) formation. 10. Typical sample of 
better grade of Porters Creek clay. 11. Commercial English fullers earth, “XL” brand. 12. Typical swelling 
northern bentonite from Wyoming. 13. White bentonite from vicinity of Edson, Alberta. 14. White mag- 
nesian swelling bentonite from vicinity of Hector, California. 15. Commercial Eutaw bentonite from vicinity 
of Booneville, Mississippi. 16. Local green decom granite. 17. Gouge clay, Twin Falls, Idaho. 18. 
Pink California pegmatite clay. 19. High Bridge, Kentucky, and 20, Walker County, Georgia, Ordovician 
bentonites. 21. Lyons Wharf, Maryland, and 22, Sewell, New Jersey, glauconites. 


13 “Bleaching Clays,’’ Oil and Gas Jour. (January 26, 1933). 
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mesh raw clay are weighed out and cooked for periods ranging from 
3 hour to 4 hours in 5-40 per cent acid, then washed, dried, and 
weighed again, resifted, oven-dried at 160°, and then given the oil 
test and the results plotted. In the table are given the bleach ratios 
for the raw clay and for that treated clay giving the highest bleach. 

The test oil used by the writer is a black Kettleman crude of 
40.1° gravity, diluted with an equal amount of gasoline. This gives 
Floridin a rating of 1.0 for water-white bleach and gives the best 
treated clays nearly an equal amount of green, yellow, and red. The 
topped and dewaxed residues of Pennsylvania oils give far too much 
red. Crudes containing more than 3 per cent of sulphur are unsuited 
for test oil. Solutions of dyes in benzine have been used for testing 
clays, but these differ widely from oils in behavior. A solution of 
CrO; in water may be made the basis of a suitable color-comparison 
standard. 

An example of the detail given by the test method here described 
is shown by the low red separation of clays 6, 7, and 11 in the table. 
No. 6 and No. 7 were fresh from the ground and the low red separation 
indicates natural leaching, but in No. 11 both yellow (3.7-3.9) and 
red (3.9-4.1) separations are low indicating considerable aging in the 
6-year old sample. 
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EXPERIMENT ON COMPRESSIBILITY OF SAND! 


H. G. BOTSET? ano D. W. REED? 
Pittsburgh, Pennsylvania 


ABSTRACT 


An experiment is described in which the compressibility of a 30~40-mesh sand was 
measured at pressures up to 3,000 pounds per square inch. There was only a 2 per cent 
change in pore volume between no load and full load. Since the sand used in the experi- 
ment was unconsolidated, the compressibility of even a slightly consolidated sand 
should be much less, and it is apparent that compressibility of a sand is, in general, a 
minor factor in oil production. 


A survey of the literature reveals wide discrepancies in the data 
on compressibility of sands.** Generally the conditions under which 
the experiments were performed were not such as to produce unam- 
biguous results. The principal source of error in the experiments 
brought to our attention appears to have been the fact that the 
apparatus which contained the sand was insufficiently rigid under 
high pressure. Consequently it was decided to perform an experiment 
in which the rigidity of the sand container would be such as to pre- 
clude the possibility of any volume change in the apparatus con- 
tributing appreciably to the apparent compressibility of the sand. 

The containing vessel was made from a solid steel cylinder 20.3 
centimeters in diameter. A cylinder chamber 6.99 centimeters in 
diameter and 17.8 centimeters deep was drilled in this steel block, 
leaving a wall thickness of 6.64 centimeters (Fig. 1). There was an 
outlet in the side of the cylinder to which was fastened a calibrated 
capillary tube, held in an almost horizontal position. Stopcocks were 
provided for filling or draining this capillary without disturbing the 
contents of the cylinder. This capillary served to indicate the volume 
of the liquid forced out of the sand body by compression and hence 
gave an accurate measure of the change in pore volume. In addition 
an extensometer reading to 0.0001 inch was used to measure the mo- 

1 Manuscript received, April 11, 1935. 

2 Gulf Research and Development Corporation. 

3 J. O. Lewis, “Rock Pressure,” Petrol. Eng. (May, 1934), Pp. 40. 


4 F. M. Van Tuyl and R. C. Beckstrom, ‘The Effect of Pressure on the Migration 
and Accumulation of Petroleum,” Bull. Amer. Assoc. Petrol. Geol., Vol. 10, No. 10 
(October, 1926), pp. 917-30. 

C. Terzaghi, “Principles of Soil Mechanics,’ Eng. News Record, Vol. 95 (1925). 
Eight articles, beginning p. 742. 
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tion of the piston, and served as an auxiliary method of measuring 
the change in volume of the sand body. The solid steel piston was 
turned to a very close fit in the cylinder and then case hardened. A 
preliminary experiment was made in order to determine the operating 
characteristics of the apparatus and to establish a satisfactory method 
of procedure. 

After the preliminary experiment the cylinder was filled to a 
depth of 6.66 centimeters with 397.7 grams of 30—40-mesh sand, whose 


Fic. 1.—Apparatus for measuring compressibility of sand. 


grain density was 2.648 gms./cc. The sand was packed in kerosene 
by tamping and then the side of the cylinder was hammered for 
several hours with the weight of the piston on the sand. The initial 
volume of the sand was 255.58 cubic centimeters, the porosity being 
41.2 per cent. The cylinder was then placed in a compression testing 
machine capable of applying a total load of 100,000 pounds, and the 
extensometer was fitted to the piston. A ring of mercury in the top 
of the cylinder around the piston prevented kerosene from being 
forced out anywhere except through the capillary. The load was 
applied in increments of 1,000 pounds (168 Ibs./sq. in.). After the 
pressure reached 1,000 pounds per square inch, the sand was allowed 
to remain under this load until no appreciable changes (drift) in 
volume occurred (about 2 hours). The capillary tube permitted the 
observation of a change of 0.0012 cubic centimeter in the pore volume 
of the sand. The load was then increased by increments to 1,500 
pounds per square inch, where it was again allowed to remain until 
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little volume change occurred. This procedure was repeated until a 
pressure of 3,025 pounds per square inch was reached. The sand was 
left under this pressure for 18 hours, the constancy of the pressure 
during this time being assured by means of a constant load-main- 
taining attachment on the compression machine. At the end of this 
18-hour period during which the porosity decreased from 38.03 to 
37.6 per cent, the pressure was raised for a few moments to 3,425 
pounds per square inch and then slowly reduced to zero; the final 
porosity being 38.51 per cent. 

The cycle of pressure application described in the preceding para- 
graphs was repeated 6 times, without disturbing the sand in any way. 
The maximum load (3,025 pounds per square inch) was maintained 
for shorter periods than on the first run; in all cases it was maintained 
until there was no further perceptible compaction of the sand. 

In Table I is given the porosity of the sand at the beginning and 
the end of each pressure cycle as well as at the maximum pressure. 


TABLE I 


Porosity at Porosity at Porosity at 
Beginning of Maximum End of 
Run Load Run 


41.2 37.5 38.51 
38.51 36.95 37-75 
37-75 36.62 37-44 
37-44 36.31 37-11 
37-11 36.18 36.94 
36.904 36.02 36.76 
36.76 35.87 36.58 


After the seventh run the sand was removed from the apparatus 
and a sieve analysis was made on a portion of it. This analysis is 
shown in Table IT. 

TABLE II 
Steve ANALYSIS AFTER COMPRESSION TESTS 
ORIGINAL SAND, 30-40-MESH 
j Per Cent Sand 
on Sieve 

68.69 

23.49 

2.15 

1.87 


0.55 
1.18 


130 
Through 130 2.08 


It is seen from this table that at least 8 per cent of the sand grains 
were crushed during the experiment. The crushing of the sand grains 
apparently must contribute materially to the gradual decrease of 
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porosity with repeated pressure cycles. This effect would be much less 
for an even slightly consolidated sand. 

The data of Table I converted to per cent initial pore volume are 
plotted in Figure 2. There is an almost constant difference between the 
upper and lower curves, that is, between the no-load and maximum- 
load porosities, which seems to represent the elasticity of the sand. 
It amounts to a porosity difference of about 0.71. 


2 
° 
> 


@ 
2} 


5 € 


Fic. 2.—Chart showing differences between no-load and maximum-load porosities. 


In Figure 3 are plotted the pressure cycles as actual porosity of 
the sand against pressure. If there had been no crushing of the sand, 
one would expect the various pressure loops to coincide; the lowered 
position of each loop on the porosity scale represents the effect of 
the crushing of the grains. From this it may be concluded that the 
elasticity of the sand is represented by the difference between the 
porosity at maximum load and that at no load, under decreasing 
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pressure, since the pulverizing of the grains must occur under in- 
creasing load. In Figure 2, if there were no pulverizing of the sand 
grains, the curves should become horizontal after the first few pres- 
sure cycles, with a constant difference between them representing the 
elasticity of the sand. 
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Fic. 3.—Chart showing pressure cycles. 


In Figure 3, the large decreases in porosity on the first pressure 
cycle are, of course, due to the repacking of the sand into a more dense 
arrangement than could be obtained by hand packing. There is ap- 
parently some additional packing on the second cycle. 

The compressibility of the sand at pressures between 1,000 and 
3,000 pounds per square inch is given in Table III. 
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TABLE III 
Pressure Pounds Per Compressibility Per Pound 
Square Inch Per Square Inch 
1,008 2.97X10% 
1,512 I.19X 10% 
2,020 18.0 X10 
2,522 7.6 X10% 


3,025 7.6 X10% 


Average 7.53X10°% 


This corresponds to a bulk modulus of 1.32X10° (per pound per 
square inch). The data for Table III were taken from the decreasing 
pressure curve of the last pressure cycle of Figure 3 in order to elimi- 
nate any factor due to crushing of the sand grains. 

It should be mentioned that there is a constant pulsation in the 
compression testing machine, especially with the constant load-main- 
taining device in the system, due to the piston in the hydraulic pump. 
It seems probable that this pulsation of the pressure head may have 
augmented the grinding action of the piston on the sand grains. Since 
the pulverizing of the sand grains occurs only under increasing load, 
it would seem more reasonable to consider, as representing the elas- 
ticity of the sand, only the portion of the curve of Figure 3 which 
represents decreasing load. If this is done, the difference in porosity 
in the last cycle, between full load and no load, is 0.71. Since the 
porosity curve is not linear with pressure, the difference in porosity 
between 1,000 pounds per square inch and 3,000 pounds per square 
inch is 0.14, a change of 0.39 per cent in the pore volume. 


CONCLUSIONS 


The contribution of the sand compaction by overburden pressure 
to the total fluid production from a sand reservoir may be estimated 
from the foregoing data, assuming the sand reservoir to be an uncon- 
solidated sand, having a sieve analysis as given in Table II. If the 
original hydrostatic pressure were 3,000 pounds per square inch and 
the reservoir fluid pressure were reduced to atmospheric by depletion 
of reservoir fluid, there would be possible an effective increase in 
column loading of the sand by overburden amounting to 3,000 pounds 
per square inch. The curve of Figure 3 indicates a resultant decrease 
of 0.70 in the per cent porosity of the sand and hence the displace- 
ment of an equivalent amount of fluid which with an original porosity 
of 37 per cent would amount to 2 per cent of the fluid content of the 
sand. This, however, is a small fraction of the usua! production from 
an oil sand. Furthermore, it must not be supposed that the total 
3,000-pound load would be imposed upon the sand by reduction of 
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the hydrostatic pressure. Actually the rigidity of the overlying sedi- 
ments must be considered, since an appreciable period of time would 
probably be involved in any subsidence of the overburden. As a 
result, the actual effect upon the fluid production of the subsidence ~ 
and compaction of the reservoir sand would involve a long time 
transient. 

While no doubt these effects exist, it is doubtful if the phenom- 
enon of compaction plays any significant réle in the production 
performance of the average oil reservoir. Not only is the compaction 
of small magnitude even if its full effect is available, but with more 
heterogeneous or consolidated sands, the magnitude of the compac- 
tion must decrease, and become exceedingly small for well consoli- 
dated sands. It has been claimed that the compaction of sand in 
the East Texas field is an important cause of its production. The 
average drop in pressure for the entire field has not been more than 
400 pounds per square inch which means that this is the approximate 
maximum amount of the increased load on the sand grains in the field. 
Assuming the volume change to be between 1,600 and 1,200 pounds 
(Fig. 3) this would involve a change of only o.11 per cent in pore 
volume even in unconsolidated sand. If it is assumed that the total 
reservoir pore volume is 6 billion barrels, this change in pressure 
would involve the production of only 6.6 million barrels of oil. It 
is seen that even if it is assumed that the compressibility is unreason- 
ably large and the full pressure drop is applied to the sand body, its 
effect is small. Hence it is apparent that the contribution of the reser- 
voir sand compressibility to production from the East Texas field is 
negligible. These results in general confirm those of a similar experi- 
ment on consolidated sands recently performed by C. E. Reistle, Jr.® 

It should be pointed out, however, that the writers do not under- 
estimate the importance of compaction of sediments from the geo- 
logical point of view. There can be no doubt that it has played an 
extremely important part in determining the existing subsurface con- 
ditions. The vast quantities of water from which the cementing ma- 
terial of consolidated rocks has been derived had its primary source 
in the original sedimentary deposits, especially the shales, and com- 
paction through geological time has provided the driving force 
whereby this water has been forced through the more permeable 
strata in a general radial direction from the interior to the outer edges 


5 J. S. Hudnall, “The East Texas Field,” manuscript read before the Association 
at D: , March 23, 1934. 


6 Private communication. 
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of the sedimentary basins.’ Even here, however, the really significant 
compaction has been in the shales, the sands having been the primary 
conduits because of their relatively high permeability. Furthermore, 
it is easily shown that compaction effects in the sand are of much less 
importance than cementation in displacing the connate water, since 
cementation may reduce the porosity from 36 per cent to 5 per cent, 
whereas the reduction in porosity due to compaction can not exceed 
a few per cent under the most favorable conditions. 

The writers wish to acknowledge the helpful guidance of R. D. 
Wyckoff, under whose direction the experiments were performed. 


7H. D. Hedberg, “The Effect of Gravitational Compaction on the Structure of 
Sedimentary Rocks,” Bull. Amer. Assoc. Petrol. Geol., Vol. 10, No. 11 (November, 
1926), pp. 1035-72. 
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GEOLOGICAL NOTES 


ENGLEVALE CHANNEL SANDSTONE OF PENNSYL- 
VANIAN AGE, SOUTHEASTERN KANSAS! 


The channel sandstone of Pennsylvanian age for which the name 
Englevale channel sandstone is here proposed, was mapped in 1934 
by a United States Geological Survey field party, which was then 
engaged in an examination of the coal resources of southeastern 
Kansas under an allotment of funds from the Public Works Admin- 
istration. It is exposed typically near the town of Englevale, in north- 
eastern Crawford County, Kansas. This sandstone was first noted by 
C. E. Straub and W. H. Courtier. Mapping by Straub revealed the 
significance of the stratigraphic break, and after he and W. G. Pierce 
had studied this sandstone in several localities it was interpreted by 
both of them as a channel sandstone. Later in the field season Cour- 
tier studied the area mapped by Straub, and mapped additional areas 
between the towns of Englevale and Arma. 

The areal distribution of the Englevale channel sandstone is 
linear, trending north-northwest from Arma for a distance of 9 miles 
(Fig. 1) to the Crawford County line, which was the limit of field 
work. Erosion has removed any traces that may have been present 
southward beyond Arma. The sandstone belt, as at present exposed, 
has an average width of about 0.4 mile, but just southeast of Cato it 
is somewhat wider. 

The strata in the area covered by Figure 1 are all of Pennsylvanian 
age and are practically flat, having a westward dip of about 20 feet 
to the mile except for minor undulations. The formations into which 
they have been divided and their thicknesses from younger to older 
are: Pawnee limestone, 25 feet; Labette shale, 75 feet; Englevale chan- 
nel sandstone, o-so feet; Fort Scott limestone (‘“Oswego lime” of drill- 
ers, consisting of an upper limestone member, 17 feet; black shale, 3 
feet; and a lower limestone member, 13 feet); and Cherokee shale, 400 
feet, only 125 feet of which is exposed in the area of Figure tr. 

The Englevale sandstone is younger than the Fort Scott limestone, 
which it cuts, and may possibly be younger than the lower part of the 
Labette shale, but it was not observed cutting the upper part of the 
Labette shale or the Pawnee limestone. So far as could be observed, 
its upper limit is gradational into the lower part of the Labette shale; 


1 Published by permission of the director, United States Geological Survey. 
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its base cuts into the Fort Scott limestone and in places rests on the 
upper part of the Cherokee shale. The best exposures revealing the 
channel-shaped cross section of the sand are in the vicinity of Engle- 
vale, along the north-south road on the east side of town and along 
the east-west road o.5 mile north of town. In the last named exposure 
the base of the sandstone in the lowest part of the channel rests upon 
limestone about 4 feet above the base of the Fort Scott, and the 
sandstone along the sides of the channel rests on the top of the lower 
limestone member of the Fort Scott and slopes on up until it rests on 
the upper limestone member of that formation. The direction of flow 
of the stream depositing the sand in the channel apparently was 
northward, for between Arma and Englevale the lowest stratigraphic 
position of the sandstone is 4 feet or more above the base of the Fort 
Scott, whereas in the northwest corner of the area the lowest part of 
the channel exposed lies below the base of the Fort Scott. 

Usually the Englevale sandstone is light brown in color with red- 
dish brown specks, micaceous, somewhat massive, and cross-bedded. 
Locally the middle part may be darker in color and the lower part 
slightly shaly. It contains carbonaceous material and some plant 
impressions, but no conglomerate or fragments of underlying strata 
were observed. At several places where the base of the sand is exposed, 
it makes a sharp contact with the underlying Fort Scott. 

Channel sands of Pennsylvanian age are not an uncommon feature 
in Missouri. Two of the large channel sandstones in Missouri, known 
as the Warrensburg and the Moberly, were described by Winslow? and 
Marbut? and later studied by Hinds and Greene.‘ The exposed length 
of each of these channels is more than 40 miles, with an average width 
cf 2 or 3 miles and a depth of about 200 feet. The direction of the flow 
of the streams depositing the sand in the channels is thought to have 
been toward the north. In regard to the age of the sandstones, Hinds 
and Greene’ say that they are “‘younger than the Cherokee, Henrietta, 
or lower part of the Pleasanton formations, as the valleys were exca- 
vated in all of these rocks.... They have not been seen to cross 
upper Pleasanton or higher strata.” In Kansas the Henrietta group, 
as it is called, includes the Fort Scott, Labette, and Pawnee, while the 
Pleasanton group (which overlies the Henrietta) includes the Bandera 


2 Arthur Winslow, “The Coal Beds of Lafayette County,’”’ Missouri Geol. Survey 
pong (1890), p. 18; also other reports for the Missouri Geol. Survey (1891, 1892, and 
1896). 


m 


3 C. F. Marbut, “Geological Desciptions of the Calhoun, Lexington, Richmond, 
and —— Sheets,”’ Missouri Geol. Survey, Vol. 12, Pt. 2 (1898), pp. 123, 210, 270, 
331, et al. 

4 Henry Hinds and F. C. Greene, ‘“The Stratigraphy of the Pennsylvanian Series in 
Missouri,”’ Missouri Bur. Geol. and Mines, Vol. 13, 2d Ser. (1915), pp. 91-100. 


5 Op. cit., p. 93. 
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shale and overlying formations to the base of the Hertha limestone. 
The Englevale sandstone, therefore, can not be correlated with the 
Warrensburg and Moberly sandstones from the information available. 
Several other channel sandstones have been noted® in the Pennsyl- 
vanian, but they are all considerably higher in the section than the 
Englevale sandstone. 

Future work with channel sandstones for the purpose of differ- 
entiating the channels of different ages and grouping those of the same 
age is essential in the formation of a regional pattern. As an alterna- 
tive for the conception of single channels of great depth, the possibility 
of compound channels that are made up of younger channels super- 
imposed over older ones should be investigated during field and office 
studies. 


W. G. Prerce and W. H. CourtierR 
UNITED STATES GEOLOGICAL SURVEY 
WasHINctTon, D. C. 


May 17, 1935 


DEEP-WELL RECORD OF FOSSIL MAMMAL 
REMAINS IN CALIFORNIA 


INTRODUCTION 


The writer not only aims to discuss the subject matter indicated 
by the title, but takes the occasion also to direct attention to a type of 
material met with in geological explorations for petroleum and im- 
portant to the vertebrate paleontologist as well as to the practical 
field geologist. Remains of fossil mammals are commonly encountered 
in land-laid deposits of Tertiary or Pleistocene age where their pres- 
ence may be looked upon as a source of some information concerning 
the conditions under which the sediments have accumulated. The 
mammals themselves, because of their complex structural characters 
and relatively restricted vertical range in geologic time, become ex- 
cellent markers and age determinators. Moreover, a surprising 
amount of information concerning these forms may be drawn on 
occasion from scattered or fragmentary remains. 

Some fossil land mammals are found in continental deposits that 
are intercalated in marine beds or in strata laid down under marine 
conditions, as for example in the Pacific Coast Marine Province of 
California or in the Coastal Province of the southern United States. 
In such instances broad regional correlations of considerable impor- 


Henry Hinds and F. C. Greene, ‘‘Leavenworth-Smithville, Missouri-Kansas,” 
U.S. Geol. Survey Atlas Folio 206 (1917), pp. 6, 10. 

R. C. Moore, M. K. Elias, and N. D. Newell, “Pennsylvanian and ‘Permian’ Rocks 
of Kansas,” Kansas Geol. Survey (1934). A graphic composite section. 
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tance may be established on the basis of stage of evolution of mam- 
malian species between these areas and the internal basins of the 
North American continent where the fossiliferous strata of the Ceno- 
zoic are dominantly or exclusively continental in origin. Fossil marine 
mammals are of considerable importance from the standpoint of 
shedding much needed light on the history of the groups involved and 
on the derivation of their modern representatives, but are likewise of 
great significance in establishing age relationships between marine 
deposits of the littoral provinces of a continental region as well as in 
trans-oceanic correlations. 

Though fossil mammalian remains are commonly found in the 
course of geologic investigation and field mapping of specific regions, 
much rarer are the discoveries of identifiable materials as a result of 
subsurface operations. Some oil-well cores, for example, furnish frag- 
mentary specimens. Thus, Simpson! records from Louisiana at a depth 
of probably 2,460 feet a portion of the skull and dentition of a Paleo- 
cene mammal, Anisonchus fortunatus Simpson. More recently, Hesse? 
notes the presence of lower jaws of a late Pliocene vole, Mimomys 
primus (Wilson), in a core taken from a depth of 3,174 feet in the 
Buttonwillow gas field, Kern County, California. 

Through the good offices of H. Allen Kelley, the writer’s attention 
has been directed to an unusual depth occurrence of fossil mammal 
remains in California. A core obtained at a depth of 5,217 feet in a 
well of the Hogan Petroleum Company, located in the Mountain 
View oil field of the San Joaquin Valley, southeast of Bakersfield, 
California, contained a portion of the mid-section of a lower jaw be- 
longing to an early Pliocene or very late Miocene type of horse. 


LOCATION AND STRATIGRAPHIC OCCURRENCE 


Kelley has kindly furnished the following information concerning 
the location and stratigraphic occurrence of the fossil material. 


The location of the Symons well No. I of the Hogan Petroleum Company 
is 990 ft. N., 330 ft. W., from the center corner of Sec. 4, T. 31 S., R. 29 E., 
Mount Diablo Base and Meridian (locality 261, California Inst. Tech. Vert. 
Paleon.). This location is approximately 11 miles southeast of Bakersfield. 

Elevation of the derrick floor is 472 feet. Coring was begun at 4,814 feet 
and continuous cores were taken to 5,864 feet. Drilling was suspended after 
this depth was reached. 

The formations cored were the following. 


Depth in Feet 
4,814-5,347. Beds of Chanac age. Continental deposits. The fossil horse material 
occurred in a friable light green clay bed that was interbedded with green 
and tan, gritty, sandy siltstones 
1G. G. Simpson, Proc. U. S. Nat. Mus., Vol. 82, Art. 2 (1932), Pp. 1-4. 


2 C. J. Hesse, Jour. Mammalogy, Vol. 15, No. 3 (1934), p. 246. 
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5,347-5,375 Marine littoral finger. Well sorted sands, marine borers, and poorly 
preserved pelec 

5,375-5,815 Continental deposits of Chanac age. Gradational contact 

5,815-5,864 Marine sands, carbonaceous siltstones called upper Santa Margarita. 


Examination of the invertebrate fossils obtained in the marine 
beds below the Chanac suggests’ that the stage of the Santa Margarita 
represented here is well down in the Upper Miocene. It seems quite 
reasonable to suppose, therefore, that the change from marine deposi- 


Fic. 1.—Outline of well-core showing position of section cut from jaw of Protohi, 
pus tehonensis Merriam (specimen No. 1825, California Inst. Tech. Vert. Paleon.). 
— in this specimen shown also in occlusal view; X 2. Chanac formation, Cali- 
tion to that of continental beds in this region occurred with the pass- 
ing of Upper Miocene and the coming of Pliocene time. As we shall 
see, the evidence presented by the vertebrate remains is essentially in 
line with this view. 

DESCRIPTION OF SPECIMENS 

By far the more important of the two specimens brought up in the 
core is the horse ramus with teeth (Fig. 1). Unusual, to say the least, 

5 Oral communication by Alec Clark. 


Dp? Dp3 Mi 
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is this remarkable coincidence where a core-barrel at a depth of 
5,217 feet strikes a fossil horse jaw in such a way as to cut cleanly a 
section of the ramus, preserving three teeth and a portion of a fourth. 
It is remarkable also that within a short distance below the jaw 
should be encountered skeletal material, presumably of the same 
animal. 

The teeth preserved in the section of the ramus (No. 1825 Cali- 
fornia Inst. Tech. Vert. Paleon. Coll.) are the posterior half of Dp2, 
Dp3, Dp4, and M1. The crowns of the milk teeth show a moderate 
deposit of cement, less in amount than in Pliohippus and more like 
that in Merychippus. In these teeth the trend of the median valley 
between protoconid and hypoconid is forward in its inner extent 
(Fig..2) in which respect No. 1825 resembles the Miocene horse, 


Fic. 2.—Comparative views of milk teeth (Dp2, Dp3, and Dp4) and first perma- 

nent molars of (a) Pliohippus sp., No. 317, Kern River Pliocene, California, (b) Proto- 
hippus tehonensis, No. 1825, Chanac formation, California, and (c) Merychippus sp., 
No. 1827, Esmeralda Miocene, near Tonopah, Nevada. All specimens, X 1. California 
Institute of Technology collections. 
Merychippus, more than it does the Pliocene Pliohippus. On the other 
hand, the external cusp, present at the entrance to this valley in milk 
teeth of Merychippus, is absent in the Chanac specimen. An antero- 
external style is present, but the postero-external style is even better 
developed. In the latter character the Chanac form differs from 
Pliohippus, at least on the basis of available comparative material, 
and may show greater resemblance to Merychippus. In the permanent 
tooth, M1, the metaconid-metastylid column has an antero-posterior 
length equal to the transverse width measured over the protoconid 
and metaconid. The entoconid has a fuller appearance than in Mery- 
chippus and is not obliquely truncated in front to the extent seen in 
the latter. 


SLI RARE 
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The jaw and teeth are large in contrast to merychippine forms, 
and this difference in size is exhibited likewise by the fragment of 
pelvis found in the core. 

A survey of the structural characters displayed by No. 1825 
suggests a type of horse related to an advanced Merychippus and to 
Pliohippus rather than to Hipparion. The relationship to the two 
preceding genera is similar to that recognized by Merriam as existing 
between the type of Protohippus tehonensis and these forms. P. teho- 
nensis was described from the Chanac formation of the Tejon Hills,‘ 
but it is unfortunate for present comparisons that the type consists 
of a single upper tooth. However, presence of both the type and No. 
1825 in the Chanac when coupled with the intermediate structural 
characters exhibited individually by these teeth, may furnish for the 
present an adequate basis on which to refer the latter to the species P. 
tehonensis. 

A single lower tooth found in the Tejon Hills and described by 
Merriam’ as either Protohippus or Merychippus resembles M1 in No. 
1825 in shape of internal groove of the metaconid-metastylid column. 
This specimen, in contrast to the former, is slightly smaller, the 
metaconid-metastylid column is shorter, and the entoconid tapers 
anteriorly. It is interesting to mention that in Merriam’s discussion 
of Protohippus tehonensis, one of the types regarded as closely related 
to the latter is a species of Protohippus known from the Barstow Upper 
Miocene of the Mohave Desert, California. 


AGE 


The significance of the present material lies largely in the inference 
which may be drawn as to the age of the deposits whence it comes. 
Judging from the characters and relationships of the type known from 
the well-core, the age of this portion of the Chanac formation can be 
stated as being earlier than Middle Pliocene and probably later than 
the Barstow stage of the Upper Miocene. An age assignment to the 
early Pliocene or latest Miocene is in agreement with Merriam’s 
determination of the age of the Chanac as based upon the fauna and 
stratigraphy of this formation in the Tejon Hills. 
CHESTER STOCK 
BALcH SCHOOL OF THE GEOLOGICAL SCIENCES 
CALIFORNIA INSTITUTE OF TECHNOLOGY 


PASADENA, CALIFORNIA 
April, 1935 


4 J.C. Merriam, Univ. California Pub. Bull. Dept. Geol., Vol. 9 (1915), pp. 52-54, 
Figs. 4a—4¢; ibid., Vol. 10 (1916), p. 125. 


- 5 J. C. Merriam, Univ. California Pub. Bull. Dept. Geol., Vol. 10 (1916), p. 125, 
ig. 15. 
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RELATION OF GEOPHYSICS TO SALT-DOME STRUCTURES 


In their paper “‘Relation of Geophysics to Salt-Dome Structures,’’ which 
appeared in the March Bulletin, pages 356-377, Eby and Clark present an 
interesting compilation of results secured in the geophysical examination of a 
number of salt-dome structures. Eighteen maps are shown with their review, 
and included with this group is one anomalous vertical magnetic intensity 
contour map covering the area of the Fannett dome, situated in Jefferson 
County, Texas. Referring to this map the authors say (p. 364): 

The magnetometer picture (Fig. 7) is given more for its scientific interest than for 


its practical value. The vertical intensity shows a 5-gamma closure which, in the opinion 
of the writers, is not sufficient for commending its use for new dome discoveries. 


On page 377, the following statement appears. 


In concluding, the writers wish to point out again that it is their intention to pre 
sent types rather than specific cases. 


One would infer from the first quotation that, in the opinion of Eby and 
Clark, the magnetic results obtained over the Fannett dome are of such a 
character as to discredit the magnetic method for use in locating salt-dome 
structures, and from a consideration of the second quotation one is led to the 
conclusion that the authors believe that the magnetic results obtained over 
the Fannett dome are representative of the type that would be observed over 
other salt-dome structures. 

Aside from the fact that the Fannett magnetic data indicate at least 
twice the numerical closure (which probably would have been amplified by 
more appropriate regional compensation) credited by the authors, and that 
the areal extent of the survey appears too abbreviated, it seems a most un- 
sound procedure to predicate a general conclusion concerning the efficacy of 
the magnetic method for new dome discoveries on the fragmentary results of 
a single investigation. This precautionary thought is emphasized by Brucks’ 
paper, “Buckeye Field, Matagorda County, Texas,’’ which appeared in the 
same number of the Bulletin, pages 378-400, that contained the compilation 
by Eby and Clark. Discussing the geophysical investigations conducted in the 
Buckeye area, Bruck states (p. 383): 

A magnetometer survey of this area was made in September, 1931, by F. E. Heatley. 
This survey showed an uplift having an outline somewhat similar to the surface inter- 
pretation (Fig. 1), but the center of the magnetic uplift lies a short distance northeast 
of the center of the surface outline. 

After the completion of the discovery well, both the torsion balance and the re- 


flection seismograph were employed to make geophysical surveys, but the results of 
these surveys are at variance with those revealed by the drill. 


Were we to derive a general conclusion from Brucks’ account of the nega- 
tive results obtained with the torsion balance and reflection seismograph at 
Buckeye, we would conclude, as Eby and Clark do with the magnetometer, 
that gravitational and seismic methods are unsatisfactory for use in connec- 
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tion with salt-dome structures. Our conclusion would be fallacious in the light 
of the behavior of these methods in other areas, and just so, the present writer 
considers Eby and Clark’s conclusion concerning the magnetometer to be 
fallacious in view of the excellent magnetic results obtained over numerous 
salt-dome structures. 

It is not the writer’s intention to attempt, in this brief discussion, to 
demonstrate the possibilities offered by the magnetic method, but as a partial 
verification of his contention concerning this geophysical technique, and in 
order to furnish some evidence to refute the opinion advanced by Eby and 
Clark, he wishes to show the response curves obtained over two well known 
salt-dome structures. In Figure 1 is illustrated the variation of the anomalous 
vertical magnetic intensity along a north-south and an east-west profile over 
the Anse La Butte dome, St. Martin Parish, Louisiana, and in Figure 2 are 
shown similar curves for the Port Barre dome, St. Landry Parish, Louisiana. 
The pronounced minima evidenced by these response curves furnish good 
definitions of the domes under consideration, and the writer can recognize no 
element involved in these results, or in numerous other results of a con- 
firmatory character, that discredits the magnetic method for new dome dis- 
coveries. 

The Anse La Butte and Port Barre response curves have been selected to 
accompany this discussion, not because they represent results that are su- 
perior to those secured over other domes, but because they display the 
variation of the same magnetic element discussed by Eby and Clark (and 
probably by Brucks), and because the field apparatus used doubtless was 
similar to that responsible for the magnetic data appearing in the two papers 
to which reference is made. 

With the more advanced field technique used to-day, and with the more 
complete and precise field apparatus now available, which makes possible the 
accurate determination of not only the anomalous vertical intensity, but other 
important magnetic elements, it is readily possible to delineate with greater 
fidelity the location of many salt-dome structures. 

The possibilities and limitations of each geophysical method are neces- 
sarily related, and closely so, to the physical characteristics of the geologic 
problem involved, and it is obvious that, for a particular method, we can not 
reasonably anticipate the same quality of definition for the variety of salt- 
dome structures encountered in practice. And especially, we can not arbi- 
trarily select the results of a single investigation, and state that these results 
represent a type response. 

Eby and Clark are deserving of the highest commendation in that their 
paper presents practical results secured under practical operating conditions, 
a kind of presentation that is welcomed by those interested in the routine 
application of geophysical methods. It is regrettable, particularly in view of 
their rather comprehensive compilation of gravitational and seismic data, 
that they did not see fit to include more than a single example of the operation 
of the magnetic method. It is even more regrettable that they elected to uti- 

lize this solitary example in reaching a conclusion that is so contrary to the 
evidence available. 


M. BARRET 


SHREVEPORT, LouIsIANA 
April, 1935 
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The writers of the paper, entitled ‘Relation of Geophysics to Salt-Dome 
Structures,’ wish to thank William M. Barret for his constructive criticism 
of their paper and for his presentation of magnetic data on Anse La Butte 
and Port Barre salt domes. 

It was not the intention of the writers to bring discredit on any method 
of geophysical exploration. On the contrary, it was their purpose to present 
only such geophysical pictures as pre-dated the actual discovery of salt domes 
by drilling. If they have erred, it was in the inclusion of the Fannett magnetic 
map in their article, this being the only geophysical picture in the group made 
subsequent to the proving of the dome by drilling. 

With the single exception of Buckeye, which has yet to be proved a salt 
dome, the writers know of not one salt-dome discovery on the Gulf Coast 
credited to magnetics. If this is in error, it is hoped that the information can 
be supplied in time to be included in the salt-dome volume. 


J. Brian Esy and RosBert P. CLARK 
Houston, 
May, 1935 


It is doubtless true, as Eby and Clark state, that the established successes 
of the magnetic method in the Gulf Coast have been limited, although this 
writer has had no occasion to make a statistical investigation to determine 
accurately the record of this geophysical method. However, he thinks it only 
fair to point out that the investment in effort, time, and money devoted to 
magnetic exploration in the Gulf Coast is negligible in comparison with similar 
investments for gravimetric and seismic surveys, and this fact must be kept 
in mind if an analysis of past geophysical records is to have any significance. 
Moreover, the principal investment in magnetic work was made during a 
period when instrumental equipment and interpretative skill were inadequate 
for a reliable test of the magnetic method. 

At this time the writer contemplates the preparation of a paper to discuss 
the use of the magnetic technique in the Gulf Coast, and in this paper he 
intends to bring out in detail the possibilities and limitations of magnetics in 
searching for salt-dome structures, and to demonstrate that this method has 
been employed successfully in structure studies in the Gulf Coast. 


WILLIAM M. BaRRET 
SHREVEPORT, LOUISIANA 
May, 1935 
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*Subjects indicated by asterisk are in the Association library and avail- 
able to members and associates. List of technical periodicals available for 
loan to members and associates was published in the Bulletin, Vol. 18, No. 9 
(September, 1934), pp. 1215-17. 


* Um das geologische Weltbild-Malleo et Mente (Geological Picture of the 
World). By Erich Haarmann. 119 pp.; 23 figs., 1 table. Ferd. Enke, 
Stuttgart (1935). Lex. 8°. 5.80 RM. 


In this nicely illustrated little book of a hundred pages the author gives 
us some interesting criticism on many prevalent geologic tenets, theories and 
research methods. Whether one agrees everywhere with him or not, his re- 
marks are refreshing and instructive as a warning. He emphasizes that, after 
a hundred years, as in the early nineteenth century, geological science seems 
again in a state of fermentation, loaded with new methods, facts, and ideas, 
which may bring considerable progress if handled right. The limits of our 
observation are discussed, the need of intuition and vision. Geologic observa- 
tion can rarely be unequivocally explicit; mostly several interpretations are 
possible. This is particularly in evidence in the interpretation of complicated 
mountain structure and a conception of its mechanics. Mathematical treat- 
ment, as in physics, is rarely possible, and an attempt becomes mostly decep- 
tive, since we never have a closed system; variables are innumerable; few 
can be determined, many are even unknowable. The geological clock may be 
correct as to the hours, but synchronisation of minutes, and still less of the 
seconds (involving centuries of human time), is impossible. Correlation of 
closely differentiated horizons as to the exact time scale is impossible, except - 
over moderate distances and within the same province of sedimentation. This 
the author also applies to the subphases of the major orogenies. The primary 
cause of crustal deformation, and of such all-important events as glacial 
periods, and particularly an explanation of the very mild interglacial intervals 
are still very obscure. 

It needs further proof as to whether we are entitled to consider the outer 
crust as a complex mosaic of greater or smaller, more or less rigid massifs, sepa- 
rated by relatively more mobile and yielding areas, the weakness of which 
reaches a maximum in the major geosynclines. It also needs proof as to whether 
the crust, as a whole, is shoved together by regional drift, or only the outer- 
most relatively mobile sedimentary mantle. Haarmann believes that the 
deeper crustal masses are rigid and so closely packed that lateral movement 
is impossible, and that the migration of still deeper magmas can only cause 
vertical displacements, which may lead, if the material is favorable and the 
gradient sufficient, to gravitational sliding of the outer mobile mantle off the 
elevated “highs.”” This up-and-down of crustal blocks, moved by interior 
magma, the author considers the only primary agent of orogeny, all the rest are 
secondary effects. This leads to an argument in favor of Haarmann’s oscilla- 
tion theory, which endeavors to explain ai/ geological processes from primary 
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vertical displacements of crustal blocks; diastrophism is nothing but con- 
sequent gravitational siiding of the outer sedimentary cover off the “‘highs” 
and into the “lows,” where the strata are shoved together into more or less 
intensely folded areas: the substratum is not so affected. The author denounces 
as erroneous the conception of major zones of weakness in the crust, which he 
considers as rigid on the whole, though only quasi-homogeneous; he does not 
accept lateral compression of weaker zones into mountain systems, by the 
vise-action of the adjoining rigid blocks. We may ask, however, how he ex- 
plains geosynclinal, subsequently folded zones, of such enormous length as, 
for instance, the Cordillera, which embraces more than a third of the merid- 
ian circumference of the globe. 

The booklet ends with a short philosophical treatise on the limits of 
human understanding and deduction in geology and an exhortation against 
the dangers of adherence to some “‘scientific denomination,” with a certain 
set of theses in its ‘‘creed,”’ or an obligation of jurare in verba magistri. Never- 
theless we need, and almost always use, certain preconceived theories to 
order our facts and guide our thinking, but we must have the courage to use 
them, not as an advocate set to prove their value, but openmindedly to test 
their truth, if possible; to discard and replace them with something better, if 
found defective. 


W. A. J. M. VAN WATERSCHOOT VAN DER GRACHT 
MaastTRIcuT, HOLLAND 
April 3, 1935 


* “Die Salsen von Beciu-Berca, Ruminien” (The Mud Volcanoes of Beciu- 
Berca, Roumania). By Karl Krejci. K. Andree’s Geologische Charakter- 
bilder, Heft 40 (1935). 22 pp., 8 pls. 9.5 X12.75 inches. Paper. Gebriider 
Borntraeger, Berlin, Germany. Price: subscription, 9.60 RM.; per copy, 
11.50 RM. 


The purpose of Andree’s Geologische Charakterbilder is to give students a 
visual realization of geologic features through heliotype reproduction of 
photographs of the type features, together with verbal description and ex- 
planation of the phenomena. This number of the series features 10 excellent 
reproductions of photographs of the mud volcanoes of Beciu-Berca in Rou- 
mania. 

Though mud volcanoes lie along an anticlinal axis, on ancient terraces and 
not in modern valleys, they are independent of one another and of any par- 
ticular level. The ejaculated material consists of thin mud, water, and gas. 
The source of the energy for their activity lies in the formation pressure of 
the gas. That pressure may in part be a fossil tectonic pressure. The mud 
volcanoes go through a life cycle. 

This paper gives a vivid visual and verbal picture of Beciu-Berca mud 
volcanoes. 


Dona_p C. BARTON 
Houston, TExas 
May, 1935 
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* “Resimen de un estudio petrogrifico del pozo YPF No. 1 de Cacheuta, 
Mendoza” (Résumé of a Petrographic Study of the Cacheuta, Mendoza, YPF 
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Well No. 1), by Jova Clara Yussen. Bol. de Inform. Petrol. (Buenos Aires), 
Vol. 12, No. 126 (February, 1935), pp. 43-64; 36 photomicrographs; 4 pls. 

* “E] plano por medio de la fotografia’”’ (Mapping by Photography), by 
Juan J. Zunino. Jbid., Vol. 12, No. 127 (March, 1935), pp. 41-55; 12 illus. 

* “Método de prospeccién sismica’’ (Seismic Prospecting Methods), by 
Remigio E. Lhez. Jbid., pp. 57-78; 12 figs. 

“Petroleum Resources in Argentine,”’ by T. T. Serghkleseu. Mon. Petrol. 
Roumanie (Bucharest), Vol. 36 (1935), pp. 11-20. 


BRAZIL 

* “Geologia do municipio de Lages, Santa Catarina’’ (Geology of the City 
of Lages, Santa Catarina), by Glycon de Paiva. Servico Geologico e Mineralég- 
ico (Rio de Janeiro) Bol. 69, 23 pp., 1 pl. Paper. 7.125 X 10.625 inches. 


CANADA 

* “Notes on the Petroleum Geology of Western Canada,” by A. J. 
Goodman. Jour. Inst. Petrol. Tech. (London), Vol. 21, No. 138 (April, 1935), 
pp. 221-58; 11 pls., 8 photomicrographs. 


CHINA 

* “Die Erschliessung der Erdélvorkommen Chinas” (Petroleum Occur- 
rences in China). Anon. Petrol. Zeit. (Berlin), Vol. 31, No. 3 (January 16, 1935), 

COLORADO 

* “Paleozoic Formations of the Mosquito Range, Colorado,” by J. H. 
Johnson. U.S. Geol. Survey Prof. Paper 185-B (1935), pp. i-ii, 15-43, Pls. 1-7, 
Fig. 2. May be purchased from Supt. Documents, Govt. Printing Office, 
Washington, D. C. Price, $0.10. 

* “The Book Cliffs Coal Field in Garfield and Mesa Counties, Colorado,” 
by C. E. Erdmann. U. S. Geol. Survey Bull. 851 (1935). vi, 150 pp., 21 pls. 
(including 2 maps), 7 figs. Supt. Documents, Washington, D. C. Price, $0.35. 


GENERAL 

* Erdél-Muttersubstanz (Petroleum Source Material). Contributions by 
F. E. Hecht, K. Krejci, R. Potonié, H. Steinbrecher, A. Treibs, E. Wasmund, 
and Dora Wolansky. Brenstoff-Geologie No. 10, edited by Otto Stutzer. 
Published by Ferdinand Enke, Stuttgart (1935). 25 figs. Paper. 6.5 X10 
inches. RM. 17. 

* “The Application of Aerial Photography to Geological Surveying,” by 
A. V. Gavermann. Problems of Soviet Geology (Moscow), Vol. 5, No. 2 (1935), 
pp. 203-08, 2 figs. In Russian. 

* “Basal Pennsylvanian Transgression in the Ozarks,” by C. L. Dake. 
Bull. Geol. Soc. America (New York), Vol. 46, No. 5 (May 31, 1935), pp. 697- 
714. 
* “Effects of Geophysical Factors on the Evolution of Oil and Coal,” by 
David White. Jour. Inst. Petrol. Tech., Vol. 21, No. 138 (April, 1935), pp. 
301-10. 

GEOPHYSICS 

* Seismographing for Oil, by E. G. McKinney. Presentation, in non- 
technical terms, of some of the methods used in exploring for possible oil- 
bearing structure by means of the seismograph. 38 pp., 12 figs. Paper. 6X9 
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inches. Published by the author, Box 845, Oklahoma City, Oklahoma. Price, 
$2.00. 

* “Geophysikalische Studien mit elektrischen Methoden in den U. d. S. 
S. R.” (Geophysical Studies with Electrical Methods in the Union of Social- 
istic Soviet Republics), by C. and M. Schlumberger and P. Charrin. Bohr- 
techniker-Zeitung (Hans Urban, Vienna 18), No. 5 (May 15, 1935), pp. 121-28; 
6 figs. First instalment. 

* “Estudos geofisicos no estado do Rio Grande do Sul” (Geophysical 
Study of the State of Rio Grande do Sul), by Mark C. Malamphy. Servigo 
Geologico e Mineralégico (Rio de Janeiro) Bol. 68. 50 pp., 39 figs. Paper. 
7.125 X 10.625 inches. 

GERMANY 


* “Ter Unterbau des Wiener Beckens” (Subsurface Structure of the 
Vienna Basin), by L. Waagen. Bohrtech. Zeitung (Hans Urban, Vienna 18), 
No. 5 (May 15, 1935), pp. 128-32. Concluded. 

INDIA 

* “The Cambrian-Trias Sequence of North-Western Kashmir (Parts of 
Muzaffarabad and Baramula Districts),” by D. N. Wadia. Records Geol. 
Survey of India (Calcutta), Vol. 68, Pt. 2 (1934), pp. 122-76, Pl. 12, Figs. 1-2 
(geological map and sections in colors). 


PUBLICATIONS OF DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Paleontology, Vol. 9, No. 4 (June, 1935). 

“‘Fusulinids from the Lower Pennsylvanian Atoka and Boggy Formations of 
Oklahoma,” by M. L. Thompson. 

“‘Conodonts from the Upper and Middle Arkansas Novaculite, Mississippian, 
at Caddo Gap, Arkansas,’”’ by Chalmer L. Cooper. 

“Ostracoda from the Basal Mississippian Sandstone in Central Missouri,” 
by Philip S. Morey. 

“Larger Foraminifera from the Moody’s Branch Marl, Jackson Eocene, of 
Texas, Louisiana, and Mississippi,’’ by Donald W. Gravell and Marcus 
A. Hanna. 

“Some Mid-Pennsylvanian Invertebrates from Kansas and Oklahoma: II. 
Stromatoporoidea, Anthozoa, and Gastropoda,’”’ by Norman D. Newell. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election, but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to J. P. D. Hull, business manager, Box 1852,-Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 

FOR ACTIVE MEMBERSHIP 

James Myron Hansell, San Antonio, Tex. 

Noel H. Stearn, Charles H. Row, F. H. Lahee 
Thomas Andrews Hendricks, Washington, D.C. 

Parker D. Trask, Arthur A. Baker, Hugh D. Miser 
Ottmar Frank Kotick, Bakersfield, Calif. 

W. D. Kleinpell, Art R. May, D. E. Taylor 
Bernard van der Schilden, Tulsa, Okla. 

R. B. Roark, W. C. Bean, J. M. Wanenmacher 
Roderick C. Ward, Lafayette, La. 

Harold M. Horton, C. E. Manion, Donald M. Davis 

FOR ASSOCIATE MEMBERSHIP 

Weldon Emerson Cartwright, Houston, Tex. 

F. L. Whitney, Robert H. Cuyler, Fred M. Bullard 
Willard Gill, Waco, Tex. 

Norman L. Thomas, W. E. Wrather, Theron Wasson 
Lewis Owen Kelsey, Dallas, Tex. 

Ellis W. Shuler, Joseph M. Wilson, William W. Clawson 
Thurman H. Myers, Wellsboro, Pa. 

J. R. Reeves, Joseph H. Turner, H. Rogers Van Gilder 
William Wilson Newton, Dallas, Tex. 

Ira H. Cram, George W. Cunningham, F. H. Lahee 
Thomas Hall Shelby, jr., Houston, Tex. 

E. H. Sellards, F. B. Plummer, Fred M. Bullard 
William Triplett Thomas, Fort Worth, Tex. 

A. R. Denison, Leroy T. Patton, M. A. Stainbrook 
George Rutherford Wesley, Washington, D. C. 

Hugh D. Miser, Arthur A. Baker, Daniel J. Jones 

FOR TRANSFER TO ACTIVE MEMBERSHIP 

E. Gail Carpenter, Wichita, Kan. 

John F. Kinkel, Howard S. Bryant, Leo R. Fortier 
James Blaine Christner, Rockdale, Tex. 

F. L. Whitney, L. T. Barrow, Hal P. Bybee 
Victor P. Grage, Shreveport, La. 

Roy T. Hazzard, A. M. Lloyd, B. W. Blanpied 
Wayne Van Leer Jones, Houston, Tex. 

W. F. Bowman, Dugald Gordon, J. Y. Snyder 
Forrest Edwin Wimbish, Wichita, Kan. 

Marvin Lee, Clare J. Stafford, E. P. Philbrick 
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MID-YEAR MEETING, MEXICO CITY, OCTOBER 16-17, 1935 


In anticipation of the mid-year meeting of the Association in Mexico 
City, October 16 and 17, it has been suggested that those who are planning to 
make the trip might care to do a little preparatory reading. With some 
knowledge of the history of the country—geological, archeological, racial, 
political, and otherwise—the whole trip and visit would be more thoroughly 
enjoyed. Any brief selection of subjects from the rich and varied literature 
about Mexico probably would not fully satisfy each prospective visitor. The 
following list may be useful as a beginning. Other selections by members will 
be welcome. 

History of the Conquest of Mexico, with a Preliminary View of the Ancient 
Mexican Civilization, and the Life of the Conqueror, Hernando Cortes, by Wil- 
liam H. Prescott. Written in 1843. New printing. Vol. 1: 467 pp. Vol. 2: 490. 
A. L. Burt Company, New York. Price per volume, $1.00. 

Red Tiger (Adventures in Yucatan and Mexico), by Phillips Russell. Il- 
lustrated by Leon Underwood. 336 pp. Robert M. McBride and Company, 
4 West 16th Street, New York City (1929). Price, $1.00. 

Mexican Maze, by Carleton Beals. Illustrated by Diego Rivera. 370 pp. 
J. B. Lippincott Company, Philadelphia (1931). Price, $1.00. Leaves from a 
notebook of 15 years of war and revolution and peace in Mexico. By the same 
author: Porfirio Diaz: Dictator of Mexico; Banana Gold (Central America); 
Mexico: An Interpretation. 

Mexico (A Study of Two Americas), by Stuart Chase, in collaboration 
with Marian Tyler. Illustrated by Diego Rivera. 338 pp. The Macmillan 
Company, New York City (1934). Price $1.00. A penetrating comparison of 
two economic systems—handicraft and machine. The author writes of Mexico 
before the Spaniards came—the culture of the Mayas, the Toltecs, and the 
Aztecs, their engineering, architecture, government, and handicraft; the 
Spanish Conquest and the decline of Mexican civilization which followed it. 

Off to Mexico (A Guide Book), by Leone Moats and Alice Leone Moats. 
ten colored maps by Matias Santoyo. 186 pp. Charles Scribner’s Sons, New 
York City (1935). Price, $4.75. The authors, who lived in Mexico 20 years, 
describe all worth-while trips of interest in 10 different sections of Mexico 
and give a short historical sketch of the country. The book includes a list of 
routes into Mexico (rail, steamship, airway), regulations for entering, hotels 
throughout the Republic, vocabulary, classified addresses in Mexico City, 
driving time between Mexico City and other points, table of altitudes, cities, 
towns, volcanoes. 

El Petroleo en Mexico—Bosquejo Historico (Petroleum in Mexico—His- 
torical Sketch), by Ezequiel Ordofiez. Reprinted from Revista Mexicana de 
Ingenierta Arquitectura (Mexico, 1932). vii+-106 pp. Reviewed by John M. 
Muir in Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 6 (June, 1932), pp. 617- 
18. 

“The Coahuila Piedmont, a Physiographic Province in Northeastern 
Mexico,” by William W. Porter II. Jour. Geol. (Chicago), Vol. 40, No. 4 
(May-June, 1932), pp. 338-52; 11 figs. 

“General Geology of Northeast Mexico,” by J. L. Tatum. Bull. Amer. 
Assoc. Petrol. Geal., Vol. 15, No. 8(August, 1931), pp. 867-93; 1 map. Contains 
a page of references. 

“Limestone Reservoir Rocks in the Mexican Oil Fields,” by John M. 
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Muir. Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), pp- 
377-08; 6 figs. Discusses all pertinent literature. 

“Occurrence of Natural Gas in Mexican Oil Fields, with Notes on Lake 
Chapala Region and Valley of Mexico,”’ by John M. Muir. Geology of Natural 
Gas (Amer. Assoc. Petrol. Geol., 1935), pp. 997-1010; 2 figs. Contains many 
references. 

Your Mexican Holiday (A Modern Guide), by Anita Brenner, author of 
Idols Behind Altars. Maps and illustrations by Carlos Merida. 329 pp. G. P. 
Putnam’s Sons, New York (1932). 

Mexico and Its Heritage, by Ernest Gruenig. 728 pp. Many photographs, 
drawings, halftones. Bibliography of 26 pp.; index of 34 pp. The Century 
Company, New York, (1928). 


BULLETIN OF SOCIETY OF PETROLEUM GEOPHYSICISTS 


In accordance with action of the Association at the twentieth annual 
meeting at Wichita, Kansas, last March, the Division of Geophysics is under- 
taking independent publication of geophysical papers instead of having them 
published as previously in the Association Bulletin. Therefore, papers such 
as those heretofore appearing in the January A.A.P.G. Bulletin (geophysics 
symposium) will hereafter be printed in a new journal to be known as the 
Bulletin of the Society of Petroleum Geophysicists. B. B. Weatherby, of the 
Geophysical Research Corporation, Tulsa, Oklahoma, president of the Soci- 
ety, announces that the new Bulletin will be published twice a year, the first 
number probably appearing in August this year. Members and associates 
of the Society will receive the new Bulletin without payment in addition to 
their dues. Members and associates of the Association in good standing have 
the privilege of subscribing to the New Bulletin at the special rate of $4.00 
per year. Non-members may subscribe at a somewhat higher rate to be 
decided later. Subscriptions and inquiries should be sent to Gerald H. Westby, 
secretary-treasurer of the division, Seismograph Service Corporation, Ken- 
nedy Building, Tulsa, Oklahoma. Manuscript contributions should be sent to 
F. M. Kannenstine, editor of the division, 2011 Esperson Building, Houston, 
Texas. 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


A. Irvinc LevorsEN, chairman, Houston, Texas 
E. C. Moncrter, secretary, Wichita, Kansas 
Wiiuram B. Heroy, New York, N. Y. 

Frank A. Morcan, Los Angeles, California 

L. C. Snmer, New York, N. Y. 


GENERAL BUSINESS COMMITTEE 


Sam M. Aronson (1936) C. E. Dossin (1937) KENNETH DALE OWEN (1937) 
Artur A. BAKER (1936) H. B. Fuqua (1937) G. W. SCHNEIDER (1937) 
R. F. BAKER (1937) L. W. Henry (1937) Gave Scott (1936) 
A. Baker (1937) B. Heroy (1936) E. F. (1937) 
Roy M. Barnes (1937) James W. Kis.ino, Jr. (1937) L. C. SNER (1936) 
R. A. Bek (1936) A. I. LevorsEn (1937) Care J. STAFFORD (1937) 
Ropert L. CANNON (1937) THEODORE A. LINK (1937) J. D. Tompson, JR. (1936) 
Tra H. Cram (1937) Geratp C. Mappox (1937) J. M. Verrer (1936) 
E. F. Davis (1936) E. C. Moncrier (1936) Louts N. WATERFALL (1937) 
TuorNTON Davis (1937) James G. Montcomery, Jr. (1937) | Maynarp P. WarreE (1936) 
Frank W. DeWorr (1937) Frank A. MorGan (1936) New H. (1937) 

L. Murray NEUMANN (1936) 


RESEARCH COMMITTEE 


Donatp C. Barton (1936), chairman, Humble Oil and Refining Company, Houston, Texas 
Haroun W. Hoots (1936), vice-chairman, Union Oil Company, Los Angeles, California 
M. G. CHENEY (1937), vice chairman, Coleman, Texas 
R. S. KNAPPEN (1936) F. H. Lawee (1937) Srantey C. HEerowp (1938) 
W. C. SPOONER (1936) H. A. Ley (1937) Tueopore A. Link (1938) 
Parker D. Trask (1936) R. C. Moore (1937) C. V. MILurKan (1938) 
Rosert H. Dorr (1937) F. B. PLummer (1937) Joun L. Rica (1938) 
K. C. Hearp (1937) Joun G. Bartram (1938) C. W. Tomuinson (1938) 
C. E. Dosstn (1938) 
REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


Freperic H. Lawes (1937) 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 


Ira H. Cram, chairman, Pure Oil Company, Tulsa, Oklahoma 
Joun G. BaRTRAM G. D. HANNA Ep. W. Owen 
M. G. CHENEY M. C. IsRAELsKY J. R. REEVES 
ALEXANDER DEUSSEN A. I. Levorsen ALLEN C. TESTER 
B. F. Hake C. L. Moopy W. A. THomas 
R. C. Moore 


TRUSTEES OF REVOLVING PUBLICATION FUND 
Cuartes H. Row (1936) Rapa D. REED (1937) 


TRUSTEES OF RESEARCH FUND 
Rosert H. Dorr (1936) G. C. GesTeR (1937) 


FINANCE COMMITTEE 
Josern E. Pocue 1936) E. DEGOLYER (1937) Tuomas S. Harrison (1938) 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
Frank Rinker CLARK, chairman, Box 931, Tulsa, Oklahoma 
H. Atkinson Carey CRONEIS S. E. Supper 
ArtHur E. BRAINERD H. B. Hi H. S. McQueen 
Hat P. ByBee Eart P. Hinves E. K. Soper 
Herscuet H. Cooper Marvin Lee J. M. VeTTER 
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WILLIAM ARMSTRONG PATTERSON GRAHAM 


William Armstrong Patterson Graham died suddenly in the course of 
field work in Montana, August 11, 1934. He was born in Philadelphia, Febru- 
ary 16, 1899, of parents descended from an old Maryland family. He attended 
High School in Minneapolis and attended the University of Minnesota, re- 
ceiving a Bachelor’s degree in 1923. While studying for his Master’s degree, 
which he received in 1924, he instructed in geology at Macalester College in 
St. Paul, Minnesota. In his college days, Graham was no bookworm, although 
he was intensely interested in his major subject, geology. He believed in get- 
ting the most out of his college life, being active in fraternity affairs and 
athletics. In spite of his physical handicap, diabetes, he played hockey and 
was an excellent boxer. When the United States entered the World War he 
enlisted in the Student’s Army Training Corps. He was a member of Delta 
Kappa Epsilon, social fraternity, Gamma Alpha, Sigma Gamma Epsilon, 
Sigma Xi, and Tau Upsilon Kappa, an interfraternity group which he assisted 
in organizing. 

Graham’s interest in research naturally led him into university work, 
although it is possible that he would have entered commercial work had his 
health permitted it. He was instructor in geology at the University of Minne- 
sota in 1924 and 1925 and instructor at the University of Iowa in 1925 to 1927. 
‘ He received his Doctor of Philosophy degree at the University of Minnesota 
i in 1927. In 1927 and 1928 he was assistant professor in geology at Texas 
Technological School, Lubbock, Texas. He left Texas to become assistant 
professor of geology at Ohio State University, with which institution he was 
connected at the time of his death. His researches covered a variety of sub- 
jects. He was an inspiring teacher. Graham realized that field work was 
necessary and even though his health did not permit strenuous field work, he 
spent a summer with the Minnesota Geological Survey in the study of water 
resources and worked with C. E. Erdmann of the United States Geological 
Survey in Montana. 

Graham was active in scientific societies. He was a fellow of the Geological 
Society of America, a fellow of the lowa Academy of Science, a fellow of the 
Ohio Academy of Science (chairman for one year), a member of The American 
Association of Petroleum Geologists, a member of the Mineralogical Society, 
and a member of the American Institute of Mining and Metallurgical En- 
gineers. 

Bill was a man’s man. He adhered to a strict code of behavior, but was 
tolerant of others. He was a thorough gentleman and made and kept many 
friends in different walks of life. His great courage is demonstrated by the 
fact that he lived a full life in spite of his physical handicap. He often re- 
marked to his close friends that he was “living on borrowed time.” His 
wholesome presence will be missed. The profession has lost one of its more 
able scientists, 
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In 1925 Dr. Graham was married to Mary Elizabeth Briggs of St. Paul 
and there are four children, Asa, Sarah, William, Jr., and Mary. He was a 
devoted husband and father and had his eldest son, Asa, in the field with 
him at the time of his fatal attack. Besides these, he is survived by his mother, 
Mrs. L. C. Graham of Minneapolis, two sisters, Emma Lou (Mrs. Burlingame 
of Minneapolis), and Mary (Mrs. McCormick) of New York, and two brothers, 
Levin C. Graham of Chicago, and S. A. Graham of the School of Forestry at 
Ann Arbor, Michigan. The funeral was at Holy Trinity in Minneapolis and 
he was laid to rest in Oakland cemetery in St. Paul. 


BIBLIOGRAPHY OF WILLIAM A. P. GRAHAM 
Fag on the Origin of Phosphate Deposits,’’ Econ. Geol., Vol. 20, pp 


aNotes on Hornblende,”’ Amer. Mineralogist, Vol. 11, pp. 118-23 
“Heavy Minerals of the Upper Cambrian Formation of Minnesots” (abs.), Bull. 
Geol. Soc. America, Vol. 40, p. 183; ibid. (abs.), Pan-Amer. Geol., Vol. 51, p. 67. 
“Some Methods of Correlation Based on Heavy Mineral Concentrates” ‘(abs.), 
Ohio Jour. Sci., Vol. 29, p. 173; ibid. (abs.), Proc. Ohio Acad. Sci., Vol. 8, p. 310. 
“Observations as to the Origin of the Cambrian Sandstone from the Keween- 
awan Sandstones in Minnesota”’ (abs.), Proc. Ohio Acad. Sci., Vol. 8, p. 399. 
“A Textural and Petrographic Study of the Cambrian Sandstones of Minne- 
sota,”’ Jour. Geol., Vol. 38, pp. 696-716. 
“A New Crustacean of the Family Aglaspidae from the Upper Mississippi 
Valley,”’ Ohio Jour. Sci., Vol. 31, pp. 127-28. 
“Solution Phenomena in the Basal Oneota Dolomite,’’ Ohio Jour. Sci., Vol. 32, 
Pp. 527-32. 
Ira H. Cram 

Tusa, OKLAHOMA 

May, 1935 
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CURRENT NEWS AND PERSONAL ITEMS 
OF THE PROFESSION 


M. D. HarBaucn, secretary of the Tri-State Zinc and Lead Ore Pro- 
ducers Association, and GEorGE S. Fow Ler, consulting geologist, of Joplin, 
Missouri, gave a paper on “The Geology of the Ore Deposits of the Tri- 
State Area,” before the Tulsa Geological Society, May 20. This was the last 
regular program meeting of the society until October. The annual picnic and 
dance were enjoyed at the Mohawk Club House, May 24. 


The third annual Petroleum Conference of Illinois-Indiana, sponsored by 
the Illinois-Indiana Petroleum Association, the Illinois Geological Survey 
Division, and the Indiana Division of Geology, was held, June 1, 1925, at the 
Crawford County Country Club, Robinson, Illinois. The program included 
papers on (1) improved recovery methods for oil, (2) exploration for oil, and 
(3) legislation, control measures, and taxation affecting the industry. 


President LEvorsEN has announced the following appointments to mem- 
bership in the research committee of the Association: Joun G. BARTRAM, 
Casper, Wyoming; STANLEY C. HEROLD, Glendale, California; THEopoRE A. 
Link, Calgary, Alberta; Joun L. Ricu, Cincinnati, Ohio; and C. W. Tom- 
LInsoN, Ardmore, Oklahoma. C. E. Dossrn, Denver, Colorado, and C. V. 
MILLIKAN, Tulsa, Oklahoma, have been reappointed to the committee. All 
the foregoing members serve through March, 1938. The chairman is DoNALD 
C. Barton, Houston, Texas, and the vice-chairmen are M. G. CHENEY, 
Coleman, Texas, and Harotp W. Hoors, Los Angeles, California. 


WitiraM A. Baker, Jr., of the geological department of the Huasteca 
Petroleum Company, Tampico, has been elected Association representative 
for the Mexico district. He succeeds SAMUEL A. GROGAN. 


RoBert L. CANNON, 901 Western Reserve Building, San Angelo, Texas, 
succeeds JoHN F. HosTERMAN as representative of the Association in the 
Southern Permian Basin district. 


Tuomas S. Harrison, of Encinitas, California, has been appointed by 
President LEvorsEN to membership in the finance committee of the Associa- 
tion. 


GENTRY Kipp, geologist with the Stanolind Oil and Gas Company, has 
been transferred from Midland to Pampa, Texas. 


GrEorGE C. Martin has changed his address from Corvallis, Oregon, to 
the Cosmos Club, Washington, D. C. 


Epwin B. Hopkins announces the removal of his Dallas office from the 
First National Bank Building to 1601 Gulf States Building. 
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Joun B. SouTHER, consulting geologist, has changed his address from 
Laredo to 239 Luther Drive, San Antonio, Texas. 


Puitre ANDREWS, geologist for the Gulf Oil Company, Ciudad Bolivar, 
Venezuela, was married in Barbados on March 26 to Miss Sally Champion, 
of San Diego, California. 


GLENN O. Briscoe is employed by the Sabine Royalty Corporation, 
Peoples Bank Building, Tyler, Texas. 


J. V. Howe t has moved his residence from Ponca City, to 2621 South 
Boston Place, Tulsa, Oklahoma. 


F. H. ScHouTeEn, geologist with the Stanolind Oil and Gas Company, has 
been transferred from Tyler, Texas, to Midland, Texas. 


CARROLL V. SIDWELL, formerly with the Amerada Petroleum Corporation 
at Seminole, has been made general superintendent in charge of production 
for the British-American Oil Producing Company, Tulsa, Oklahoma. 


IRVINE PERRINE, geologist and engineer, Oklahoma City, has resigned as 
special consultant of the Securities and Exchange Commission, and will return 
to the practice of geology in Oklahoma. 


GrEorcE D. Putnam, formerly of Wichita, Kansas, is now acting division 
geologist for the Lario Oil and Gas Company, at Oklahoma City, Okla. 


V. R. GarFias, manager of the foreign oil department of Henry L. 
Doherty and Company, New York City, has been elected president of the 
Mexican Chamber of Commerce in the United States. 


The department of geology of Northwestern University is in receipt of a 
gift of $1,000 from the Penrose fund of the Geological Society of America for 
the purpose of completing a research project to determine the origin of South 
Park. The study was started two years ago by J. T. Stark, C. H. BEHRE, JR., 
W. E. Powers, and A. L. HowLanp in conjunction with J. HARLAN JOHNSON, 
of the Colorado School of Mines, and Donatp B. Goutp, of Cornell College, 
Mt. Vernon, Iowa. The expedition left June 15, for Colorado. 


A. I. LEvorsEn, president of the Association, has resigned his position as 
chief geologist for the Tide Water Oil Company and expects to move back to 
Tulsa, Oklahoma, in September. 


Etrrep BEck, geologist, 614 National Bank of Tulsa Building, Tulsa, is 
president of the Tulsa Earth Products Company, engaged in the preparation 
of volcanic ash and fullers earth for industrial uses. 


Rosert H. Dott, associate editor of the Bulletin of The American 
Association of Petroleum Geologists, has been appointed by the regents of the 
University of Oklahoma to be director of the Oklahoma Geological Survey at 
Norman, Oklahoma. By action of the legislature, the survey is again estab- 
lished after a lapse of several years due to lack of appropriations. Dott has 
resigned his position as secretary-treasurer of the Aero Exploration Company 
of Tulsa. 
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Wa TER E. Hopper, consulting geologist and independent oil and gas 
operator of Shreveport, Louisiana, spent the month of June in Washington, 
D. C., on business with the Securities and Exchange Commission. 


Rosert B. CAMPBELL, of Houston and San Antonio, Texas, is president 
of the Peninsular Oil and Refining Company of Tampa, Florida, engaged in 
exploratory work in Florida. 


C. E. SHOENFELT is petroleum geologist and engineer with Petroleum In- 
formation, Inc., Continental Oil Building, Denver, Colorado. 


H. E. Rorurock, recently with the United States Geological Survey, is 
now in the Division of State Parks, National Park Service, Washington, D. C. 
His title is geologic supervisor. 


RoGER Morais, unit director of the Plains Shelter Belt Project, addressed 
the North Texas Geological Society at Wichita Falls, Texas, June 21, 1935. 


H. E. REpMon is in charge of the land and geological department of the 
National Refining Company, Eldorado, Kansas. 


Grant W. SPANGLER is with the Stanolind Oil and Gas Company at 
Shawnee, Oklahoma. 


James D. SISLER, formerly State geologist of West Virginia, died on June 
16. 


D. Date Conpir and L. G. Putnam are employed by the Inyaminga 
Petroleum (1934) Limited, carrying on exploration and drilling out of the 
field office of the company at Inhaminga, Portuguese East Africa. 


At its May, 1935, meeting, the committee on grants-in-aid of the National 
Research Council made the following awards in the fields of geology and 
geography: CHARLES DErss, associate professor of geology, University of 
Montana, “Stratigraphic and Paleontologic Studies of the Cambrian Forma- 
tions of Montana and Wyoming”; Donatp McCoy Fraser, assistant pro- 
fessor of geology, Lehigh University, ‘‘Petrogenesis of the Crystalline Rocks 
in Eastern Pennsylvania”; ELBRIDGE C. Jacoss, professor of geology, Uni- 
versity of Vermont, “Installation of a Seismograph for the Completion of the 
Seismographic Station at the University of Vermont”; K. C. McMurry, 
professor of geography, University of Michigan, ‘“‘Development of Methods 
for Utilizing Aerial Photography in Land Inventory and Classification’; 
Oscar B. MuENCcH, professor of chemistry and physics, New Mexico Normal 
University, ‘“Determination of the Age of Samples of Monazite and Thu- 
cholite from Glorieta, New Mexico”; F. J. PetT1JoHNn, assistant professor of 
geology, University of Chicago, ‘Analysis and Correlation of Aerial Mapping 
in the Lake Superior Pre-Cambrian Province’; GorpoN RITTENHOUSE, re- 
search assistant in geology, University of Minnesota, “Geology of a Portion 
of the Savant Lake Area in Northwestern Ontario”; Harotp W. Scott, 
instructor in geology, Montana School of Mines, ‘““The Micro-Fauna of the 
Carboniferous of Montana”; W. H. TwENHOFEL, professor of geology, and 
R. R. SHRock, assistant professor of geology, University of Wisconsin, 
jointly, “Field and Laboratory Studies of the Silurian of Newfoundland.” 
The next meeting of the committee will be held in March, 1936. Applications 
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to be considered at this meeting must be on file with the secretary of the 
committee, Clarence J. West, National Research Council, 2101 Constitution 
Avenue, Washington, D. C., not later than February 15, 1936. 


CHARLES GILL MorGan, chief geologist and geophysicist of the Byrd 
Antarctic Expedition II, has returned to the United States, and is now with 
the Seismograph Service Corporation, Kennedy Building, Tulsa. He and the 
other geologists of the expedition made geological surveys in four widely 
separated areas in the Antarctic, and collected approximately 500 pounds of 
igneous, metamorphic, and sedimentary rocks which will be placed for study 
at the universities of Washington (Seattle), Johns Hopkins, and Harvard. 
Morgan also conducted a series of seismic measurements of the Tasman 
Glacier in New Zealand and worked with the New Zealand government on 
their geophysical program in the search for gold deposits and oil structures. 


S. C. Eis, of the Mines Branch of the Department of Mines of Canada, 
is working in northern Saskatchewan this summer. 


W. A. Gorpon, Minister of Mines of Canada, has initiated a million- 
dollar geological survey program, a considerable part of which includes the 
study of oil and gas structure. In southern Alberta, L. S. RusseE.t, of the 
Geological Survey of Canada, has organized three field parties: one between 
Medicine Hat and Lethbridge in charge of J. S. SpROULE of the University of 
Toronto; one in the Milk River area in charge of R. W. LANDES of Saskatoon; 
and one at Foremost in charge of W. C. HowE ts of Edmonton. In northern 
Manitoba, A. W. JoHNsTon is mapping an unexplored area of oil and gas 
possibilities. 

GEORGE Prt Le, of Hudnall and Pirtle, geologists, Tyler, Texas, is work- 
ing for the McClanahan Oil Company of Mount Pleasant, Michigan, this 


summer. 


Tuomas H. ALLEN, of the geological department of the Stanolind Oil and 
Gas Company at Tulsa, Oklahoma, has joined the Twin Drilling Company 
of Bartlesville, Oklahoma, and has moved to Wichita, Kansas, to make his 
headquarters. 


CHARLES B. CARPENTER, of the United States Bureau of Mines at Dallas, 
Texas, led a discussion on the Bureau’s work in the Howard-Glasscock field, 
before the West Texas Geological Society at San Angelo, June 22. 


C. I. ALEXANDER, paleontologist for the Magnolia Petroleum Company at 
Shreveport, has moved to Lake Charles, Louisiana. 


A. J. BAUVERNSCHMIDT, paleontologist for the Magnolia Petroleum Com- 
pany, has moved from Lake Charles, Louisiana, to Houston, Texas. 


J. B. Ump.esy, of Norman, Oklahoma, has moved to Seattle, Washing- 
ton, for the summer. 


The Bureau of Labor Statistics of the United States Bureau of Labor has 
undertaken a comprehensive survey of the engineering profession. Geologists 
have doubtless already received and returned the questionnaires. The Bureau 
requests publicity of the fact that it is not seeking the information to find 
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positions for engineerings and geologists and it has no facilities for placing 
unemployed men in these professions. It is hoped, however, that the Bureau’s 
final report will contain information enough from which to formulate some 
program to deal with unemployment. The American Association of Petroleum 
Geologists, Box 1852, Tulsa, Oklahoma, continues to receive applications for 
employment, and offers companies and operators its full assistance in finding 
the right man for the right place. 


E. Lerrz, Inc., New York City, has recently released Bulletin 17, “What 
Scientists Say of Leitz Ultraopak,” and Bulletin 18, “Leitz Ultropak,” de- 
scribed as ‘“‘a novel microscopic method disclosing structural details not pos- 
sible with the conventional microscope.” 


Epwarp SALISBURY Dana, of New Haven, Connecticut, editor of the 
American Journal of Science since 1875, died on June 16 at the age of 85 years. 


CHARLES Horace Capp, geologist, president of Montana State Uni- 
versity, died on May 9g at the age of 51 years. 


Bunpjtro Koro, of the geological faculty of Tokyo Imperial University, 
honorary president of the Geological Society of Japan, died on March 8. 


Leopotp REINECKE, geologist of Johannesburg, South Africa, died on 
April 16 at the age of 49 years. 


Russe. F. RYAN, consulting geologist, chairman of the Association of 
Greta Operators, has opened an office at 1806 Sterling Building, Houston, 
Texas. 


E. V. WuITWELL, of the geological department of the Carter Oil Com- 
pany, Tulsa, Oklahoma, has been transferred to the Standard Oil Company 
of Louisiana, at Shreveport, as manager of the exploration department. 


